UNCLASSIFIED

nw 416816

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.



VUL

¥

.\‘/

CATALOGFD

N

Ck

AS KQJ N

AMRL-TDR-63-49

INFLUENCE OF SELECTED VIBRATIONS UPON SPEECH
(RANGE OF 2 CPS-20 CPS AND RANDOM)

CHARLLS W. NIXON, Ph.D.
HENRY C. SOMMER

TECHNICAL DOCUMENTARY REPORT No. AMRL-TDR-63-49

6816

w4 i bR 5 .
JUNE 1963 '

L i

5 | ,
-

BIOPHYSICS LABORATORY
6570th AEROSPACE MEDICAL RESEARCH LABORATORIES
AEROSPACE MEDICAL DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

Project No. 7231, Task No. 723103




NOTICES

When US Government drawings, specifications, or other data are used for any
purpose other than a definitely related government procurement operation, the
government thereby incurs no responsibility nor any obligation whatsoever; and
the fact that the government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data is not to be regarded
by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

Qualified requesters may obtain copies from the Defense Documentation Center
for Scientific and Technical Information (DDC), Arlington Hall Station,
Arlington 12, Virginia. Orders will be expedited if placed through the librarian
or other person designated to request documents from DDC (formerly ASTIA).

Do not return this copy. Retain or destroy.

Stock quantities available at Office of Technical Services, Department of Commerce,
Washington 25, D. C. Price per copy is $0.50.

Change of Address

Organizations receiving reports via the 6570th Aerospace Medical Research
Laboratories automatic mailing lists should submit the addressograph plate stamp
on the report envelope or refer to the code number when corresponding about
change of address.

800 - Sept. 1963 - 5-56 - 162




AMRL-TDR-63-49

FOREWORD

This work was done in support of Project 7231, "Biomechanics
of Aerospace Operations," Task 723103, "Biological Acoustics
in Aerospace Environments." The Biological Acoustics Branch,
Biodynamics and Bionics Division, Biophysics Laboratory,
6570th Aerospace Medical Research Laboratories, performed
this research between November 1961 and December 1962,

Acknowledgment is made to Morris J. Mandel, Captain, USAF,
MC, and Mr. Richard D. Lowry of the Vibration and Impact
Branch of this Division for their cooperation in providing the
vibration environment and the Vibration Hazard Panel members
who were used as talkers in this research.
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- ABSTRACT

Certain characteristics of speech production are altered during
low~frequency vibration (2-20 cps) of the talker. In view of
this, speech communication is not at all assured during the
vibration and buffeting associated with powered flight, launch,
and reentry of manned space flights of the present and the
future. Vibrations having the most adverse effects upon man
are low-frequency sinusiodal, and random in nature. Standard
speech material read by talkers exposed to low-frequency
sinusoidal and random vibration conditions was recorded.

This material was evaluated both objectively and subjectively
in terms of intelligibility, duration, and quality of speech.

In experiment I, seated talkers were subjected to vertical,
low~frequency sinusoidal vibration. Frequencies of vibration
most detrimental to speech production were 6 cps, 8 cps, and
10 cps when speech material was presented in combination
with a masking noise. In experiment II, the sitting talkers
were exposed to random vibration that simulated the type of
conditions experienced in actual space missions and during
high-speed, low-altitude flight. No significant differences

in speech production were found due to random vibration

(0.5 to 8 cps). Speech communication from the space

vehicle may be adequate for environments represented by the
conditions of this study. However, when these conditions

are exceeded by factors, such as higher G levels and higher
noise levels at the microphone, a continuous speech communica-
tion capability may not exist.

PUBLICATION REVIEW

This technical documentary report has been reviewed and is approved.

. HEIM

Technical Director
Biophysics Laboratory
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INFLUENCE OF SELECTED VIBRATIONS UPON SPEECH

(RANGE OF 2 CPS - 20. CPS AND RANDOM)

by

Charles W, Nixon, Ph.D
Henry C. Sommer

INTRODUCTION

Speech communication from the space capsule during cruising phases of the
recent orbital flights was, in general, excellent. However, effects of vibratory
energy upon the speech of the Astronauts were clearly noticed during launch. This
speech was characterized by a tremolo-like quality, which corresponded in some
degree to the periodicity of the vibratory energy. One of the most serious threats
to efficient speech production during space missions will be vibrations associated
with powered flight and the possible oscillations during reentry, particularly of the
skip-glide type. During these more critical phases of flight, a continuous speech
communication capability from the space vehicle must be maintained. Success or
failure of a mission, as well as the personal safety of the passengers, might well
depend upon preservation of the communication link, especially in emergency
situations. The increased thrust of future propulsive systems, such as for Saturn
and Nova, and of other larger boosters, and higher speeds of reentry surely in-
crease rather than reduce this threat to speech communication.

Vibration problems of major importance to crew members of rocket vehicles
may be restricted to the low-irequency oscillations and transient accelerations
expected during powered flight and reentry (ref. 2). The frequency range below 50
cps requires particular attention with the range from 0.5 cps to 20 cps being some-
what critical for the seated subject. Regions of the body most susceptible to low-
frequency vibrations, such as the thorax-abdomen system and the head, are areas
also fundamentally important to normal speech production. Stresses that influence
or inhibit functions, such as respiration, will also interfere with speech formulation,
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The basic problem of speech production in vibration environs is intensified by
the presence of high level booster noise. Speech communication in the noise of
operational propulsive systems appears to be marginal-to-adequate with present
head enclosures and earphones. However, the combined stresses of vibration and
noise appear to affect speech efficiency to a greater extent than can be attributed
to either single stress.

The influence of vibration and of noise combined with vibration upon speech
production was evaluated at sinusoidal frequencies of 10 cps, 20 cps, 30 cps,
40 cps, and 50 cps (ref. 9). Results of this study confirmed earlier estimates con-
cerning the speech of sitting and standing talkers vibrated within the 10 cps to 50
cps frequency range. In general, the greatest deterioration of speech occurred at
the lowest vibration frequencies of 10 cps and 20 cps, suggesting future research in
this frequency region. Speech recorded at 30 cps, 40 cps, and 50 cps was relatively
good speech. Also, intelligibility of vibrated speech decreased by a very small
amount. With the addition of masking noise to the vibrated speech, intelligibility
was reduced significantly at certain frequencies. ' '

This report describes the second-and third in a series of investigations con-
cerning the speech production of vibrated talkers. The first investigation (ref. 9)°
dealt with the range of vibrations from 10 cps to 50 cps and designated the areas of
importance to be examined in the subsequent investigations. The second investiga-
tion (Experiment I) of speech concerned the low-frequency sinusoidal vibrations of
sitting talkers, and the third investigation (Experiment II) concerned low-frequency
random vibration of sitting talkers.,

Objective

The object of this research was to further evaluate man's ability to produce
speech (1) in sinusoidal vibration environments ranging from 2 cps to 20 cps, and
(2) in random vibration environs, which more nearly simulate actual flight conditions.
The recorded speech in both experimental conditions was evaluated in combination
with a masking noise and without a masking noise,

Approach

To accomplish this objective two separate experiments were conducted. In
both experiments certain parameters of speech were observed and analyzed. The
first was speaker intelligibility. Regardless of how peculiar or bad speech may
sound to a listener, regardless of rate, pitch, or inflection, the listener must
understand the complete message transmitted by the talker; this is vital to all
stages of a mission. Second, the quality or naturalness of the speech must be
considered from the viewpoint of the listeners. Speech that is of poor quality or
that sounds unnatural may communicate less effectively than normal speech. Con-
sequently, the speech data collected in these experiments were considered in
terms of such factors as intelligibility and naturalness or quality of speech of
talkers exposed to mechanical vibration.
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EXPERIMENT I

Procedure

The speech of talkers vibrated at frequencies ranging from 2 cps to 20 cps
was investigated in Experiment I. A mechanical shake table provided the vibration
stimuli, Talkers sat in an Air Force aircraft seat mounted on the vibration platform
(figure 1). A lap belt and shoulder harness restrained the subject during test. No
cushioning or padding was provided in order that the true motion of the table was
transferred to the talker with a minimum of change. An accelerometer mounted on
the vibration platform provided an indication of the actual vibration exposures
experienced by the subjects. Accelerations at the test frequencies were 0.5 G at
6 cps, 0.75 Gat 4 cps and 8 cps, and 1.0 G at 2 cps, 10 cps, 12 cps, 14 cps,

16 cps, 18 cps, and 20 cps. These levels were selected by the medical monitor to
be the maximum level tolerable for 3 minutes exposure. The acceleration levels
were below the subjective tolerance criteria suggested by Ziegenruecker and Magid
(ref. 10) and by Mandel and Lowry (ref. 9) for this range of frequencies. Figure 2
shows the magnitude of these exposures relative to some tolerance criteria. Parti-
cipation in all éxperimental conditions by a subject would have exceeded the
maximum allowable exposure set by the medical monitor. Therefore, subjects were
assigned to one of two groups. Each group was exposed to one-half of the experi-
mental conditions. Group I was exposed at 2 cps, 6 cps, 10 cps, 14 cps, and

' 18 cps, and Group II at 4 cps, 8 cps,
12 cps, 16 cps, and 20 cps. Both
groups performed in a control condition
of no vibration.

Figure 1 (Left)

Photograph of Talker in Air Force Aircraft
Seat Mounted on the Mechanical Shake
Table
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\ I Magid &
Ziegenrucker

V Present Investigation

—

II Goldman

III Goldman

Acceleration (G)
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' 'Fl'equency of Vibration (cps)

; Fioure 2, 'Toler'ance Criteria vs.Acceleration of Vibrations -
"to wh1ch Speakers. Were Exposed during Present
Study :

Average peak acceleratlons at various frequencies at whlch:

L S T e Ty "'I‘.. Talkers (sitting) refused t6 tolerate further a
short exposure to vertical v1bratlons.

II Talkers refused to tolerate it further (5 to 20
: : m1nute exposure).

- III. . Talkers found 1t unpleasant (5 to 20 minute .
:exposure) : '

IV. Talkers (sitting) refused to tolerate further -
a short exposure to vertical vibrations.

V.. Talkers (sitting) were exposed during Experiment I.

- Curves II and III represent data averaged from seven different
sources with talkers sitting, standing, or lying with vibration
in the horizontal and in the vertical directions. Curve IV repre-
sents a repeat of curve I with the exception that talkers were
indoctrinated upon how to breath during vibration.
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Talkers wore a standard Air Force P-type flying helmet. A microphone noise
shield containing an M-101 noise—cancel_ling microphone was attached to the helmet
and snugly fitted to the face of the talker. Subjects were instructed to read as
naturally as possible during the test sessions. The levels at which the speech was
- recorded ranged between 65 db and 75 db. A speech phrase and intelligibility. test
‘words were read from large flash cards held at talker eye level by the experimenter.
. Each subject practrced reading .in ‘this manner before exposure to the six test condi-
tions. Speech was recorded on magnetic. tape for later analyses by both objective

and .subJectlve means. Talkers monitored the level of their voices by observing a-
VU (volume unit) meter positioned before them for that purpose. Vibration of the

. talkers wa‘s stopped immediately after all speech materials were recorded or at 3
minutes exposure, whichever occurred first. A 5-minute rest period followed ‘each
-vibration;exposurea Subjects performed only one series of exposure during a-30-day
period, . : : ? - - '

r Talkers. Elght members ‘of. the Alr Force volunteered as, talkers for-this experi-
ment. . All talkers had participated in prior, experiments involving exposure to vibra- -
- tion. Talkers were examined by a phy51c1an prior to and following each test session.
A phy51c1an was present at all t1mes during testing. All talkers had acceptable ‘
speakmg voices with no obv1ous speech defects or accents. ‘

. : Listeners. ' The most valld method for assessmg ‘the capabllltles of a speech
communlcat1on system employs speech 1ntell1g1b111ty tests and -human observers.,
The’ prlmary component of the commun1cat1on system examlned in this 1nvest1gat1on
. was the talker. 'The' extent of his ab111ty to produce 1ntelllg1b1e speech durlng

. exposure to v1brat1on was observed

: Nme male un1v5r51ty students rang1ng in age from" 19 to 22 years were tralned
to evaluate the vibrated speech in terms of the ASA method mentioned below. A

‘ satlsfactory level of performance was attained before actual evaluation was begun

All llsteners had normal hearlng for, the audlometrlc test frequenc1es from 500 cps to

6000 cps. ' :

A Standard Alr Force AIC-10 1ntercommun1cat10n system w1th ten terminal
. stations was ut111zed for-the evaluatlon. The system was callbrated to provide a
-constant output level at the receivers of each listening station. The terminal
headsets were standard H- 158 units containing H-143 high sensitivity receivers.
A speech audiometer was used as the control unit. The speech produced during
vibrations was introduced externally from magnetic tape, whereas the noise used
for masking during test originated within the audiometer. This system was consid-
ered typical of Air Force operational communications units, and although_ used in
the laboratory, could not be considered as a high fidelity installation.

Several criterion measures were observed to determine if speech production
was influenced by exposure of talkers to vibrations below 20 cps. Of particular
interest was intelligibility and quality of the speech.
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The muzzle did impose a slight r'estriction upon jaw movement during talklng. .
However, empirically speech intelligibility is not seriously decreased even with
severe Jaw restrlctlon (ref. 5). :

RES,ULTS AND DISCUSSION

_ . Intelligibility. - Intelllglblhty of talkers exposed to sinusoidal v1bratlons of
20 cps and below was measured in accordance with the ‘ASA Standard Method of
Measurement of Monosyllabic Word Intelligibility (ref. 1). An exception. to the
.standard is noted; that is, the subJects were not thoroughly trained as talkers.

" - Although brlef famlharlzatlon and, practlce were prov1ded talkers were con51dered. '

; untramed ' : : o

"Mean intelligibility 'scores are shown in figure 3 as a function.of vibratlon;
- Sound pressure levels of the speech were (1) 65 db w1thout masking n01se and _
.. . (2)75db, 85db, 95 db, and 105 db at a 'speech=to-noise ratio of =7 0 db, Both "
R " the: speech and the ma sking noise were: presented with headséts. The octave band'
' : spectrum of the n01se at an overall level of 82 db is shown. in table I '

wor' . ¢ T 2T e 8o
- [ AL "‘—/’*\" €5 db No miisking . .
aph, o s : ¢ 1 0 .

N U

SRL]
. a S0t . -7db Speech-to-
o e . Ja v . Noise Ratio
i 1 ’ : : '
Flgure 3 . M|os dv’

R

Mean Word Intelhg1b111ty

. ..10 - .Gror;p 1 :
Scares ‘for Talkers Exposed . L . L . ;
“No 2. 3 10 §E 18
- Vibration - 0

to Low~-Frequency Vibration

Frequency of Vibration (cps)
0o~ -

a0 . ~ K ;‘\\/’—"\“ 65 db No Masking

bt o

. Inlelhgibxlu-} (pE.r cent words correct) | .

0. o s . ’ ’
BN R f 1oan)
.o LoF ': v EJ\ B3k | ~7db Speech-to-
ol ' w Fulbl - Noise Ratio
) ‘ 105 .
| g‘-_‘/u‘\' - .

ot dro\lp 11

*>

L

. . .
No 4 b 12 1¢ 20
Vibration

Frequency of Vibration (cps)
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TABLE I

SPECTRUM OF THE MASKING NOISE
~* PRESENTED OVER THE HEADSETS

.OctaveBand =~ - . ‘Level (dbre 0.0002/dyne/cm?)
COA. - T e 82
"75-150 Ny Ll 700
150 --300" o O
300-600 . . - o e .70
L0600 - 12000 70 T e 74
..1200.- 2400 R £ TR
72400 ="4800. 7. .o 80 )

' ".'4800 -9600° 1 T T o T g

‘ Perceptlon of the monosyllablc words was best for the no v1brat10n COﬂdlthn
The family' of :curves. in. f1gure 3 clearly demonstrates that-as frequency of v1bratlon .

* was 1ncreased to about 6 cps to 10 cps the speech 1nte11191b111ty deterlorated

~ From there 1nte111g1b111ty 1ncreased unt11 at ‘14 .cps to- 16 cps scores were very close.’
to those for the'no 'vibration condition. Above ‘16 cps scores began to deterlorate

, of speech and at 6 cps- for the 95'db and 105 db levels. " Scorés- for the 65 db’ level:

Cof v1brated speech showed:no d1fferences from the no v1brat10n condltlon except S
- a frequency Of 8 .Cps. An 8%. reductlon in 1ntelhglb111ty was measured for this

I _condltlon. In general the speech at’ 65 db was. not 1nfluenced by the v1brat10n. E

Although these data were analyzed at a speech—to—n01se ratlo of -7 db, _
‘ 'approx1mate 'scorés for a 0db speech-to noise ratlo may ‘be estlmated Inte111g14 '
~~b111ty scores. in flgure 4 were ralsed by about 25% for the 10 cps v1brat10n condltlon :
_ ‘as the .speech-to-noise ratio was mcreased from =7 db to 0 db. This factor of .
. 25% if apphed to the data of flgure 23 would raise all scores to values correspond- :
.ing to' 0 db speech to= noise ratio. A speech-to -noise ' ratio of -7 db was used for
all listening. sessmns to incredse the sen51t1v1ty of the 1nte111g1b111ty measures 1n

thlS appllcatlon 5

A criterion for acceptabfe performance of a communication system for military
* qperations is an 1ntelhglb111ty score of 70% correct or better with a trained crew of
talkers and hsteners using the American Standards Association monosyllabic word
test (ref 6). The 1ntelhg1b111ty of sentences and standardized phrases and
- messages used in ‘normal day-to-day operations will be at or near 100% over a
system meeting this measure. All conditions required for use of this criterion were
satisfied for the data presented in figure 3, except that talkers were not well

trained.

‘once again.. Word 1nte111g1b111ty was lowest at 8 cps for the.75 db and 85-db. levels L
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90 -

80 |-

70 |-
60 "
50.—

40 |-

20

"Inte}ligil').ilitv' (pe.r' cent words correct)

) 10' _'.: .

. S0, ¢ -5 0, +5 . +10 .
ol Speech to -Noise Ratm (db)

Flgure 4 Mean Word Intelllglblhty Scores for: Slttll’lg Subgects at .
Speech to- N01se Ratios of lOdb, ,—5db Odb +5db '
: . and +10db | .

% On the ba51s of the 70% cr1terlon most of the speech commumcatlon in noise.
(=7 db speech-to n01se ratlo) represented in this: experlment would be 1nadequate
for m111tary operatlons. However, practlcal 51tuat10ns rarely. exist with such

-negatlve speech-to n01se ratlos If. these data are ad]usted on the basis of the .y
'25% cortection of. flgure 4 only word, 1ntelhglb111ty at; 4.cps, 6 cps, .8 cps, and e
.. 10 cps at 105 db SPL would ‘be 1nadequate at 0 db’ speech-—to—n01se ratio, all. other
-scores would exceed 10%: Inte111g1b111ty increases with hlgher speech-to-n01se

. ratios prov&ded the level of. the speech, does not: -exceed 85 db to 90.db. Above

these levels overloadlng and distortion occur in the fuman audltory system and
4words are’ not percelved as well as: at more moderate levels. Word 1ntelhg1b111ty
“+in the v1bratlon environments ranglng from- 6 cps to 10 cps was about 10% less than
. the'no vibration data.. Efforts to-assure. a speech communlcatlon capablllty
',should use.this low-frequency range of v1brat1ons as a target area requiring most-

1mprovement c
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As long as positive speech~-to-noise ratios are maintained, adequate speech
intelligibility in terms of the talker would be predicted for operational situations
represented by these laboratory conditions. In the.event of factors or combinations
of factors, such as negative speech-to-noise ratio, more intense vibrations than - .
used in this experiment, and speech signals more intense than 85'db to 90 db,
talker intelligibility would be less eff1c1ent w1th l1steners perce1v1ng somethlng
less than the complete message. ' 3 @ :

The thorax—abdomen sy,stem is one of the -body subsystems most important to.,
talker intelligibility during exposure to, vibrations. (ref. 3). During vibration, when
the abdominal mass swings down toward the hips and.the abdomlnal wall is
stretched outward, ‘the diaphragm {s deflected downward and a decrease occurs in

o chest c1rcumference.. As"the abdominal contents swing upward the movements are

'reversed and, the chest wall is expanded.  The oscﬂlat1ons of the abdominal mass .
- are cougled with the air osc1llat1ons of the mouth—chest system.. Maximum

T -responses of the abdomlnal wall and anterior chest will occur between 5 cps and

“ 11 cps: V1brat1on of a sitting subject. in.this frequency range 1s clearly detected as

a modulatlon of the flow veloc1ty through the mouth, This results from a bellows—'.. B

like action of: the lungs in response to'the motion of the abdomen—thorax reglon.
'The'subject’ loses .some control- over his resp1ratlon. 00

Speech produced durlng exc1tatlon of the thorax—abdomen system is. clearly
Iampl1tude modulated Results, 1nd1cate that,-in g=neral; amplltude modulated
speech was more vulnerable than normal speech to masking by noise. Talkers'in

" . noise exposed to v1bratlons of 6 °cps to 10 cps at- moderate or. intense G levels may

: apparently be less 1ntelllg1b1e than nonv1brated talkers o o )

Quallty of Speech The I ©F Lee sentences recorded by v1brated talkers were
presented to the l1sten1ng panel for evaluation on a psycholog1cal rating.-scale
, (ref..4). L1steners were 1nstructed to rate the speech not the talker, on an equal-
interval scale of from: oné to'seven. . A rating of one indicated- very good speech, a
ratmg 'of seven, very bad speech Llsteners had been trained to. Judge speech '
' samples 1n thls manner and were cons1dered to be experlenced '

The mean ratlngs of the sentence for the exper1mental condltlons are shown in
-figure 5. Speech during no v1bratlon received the lowest rating (best speech) and
, 'speech dur1ng 4. cps and 8 cps was hlghest (poorest speech). The mean rating
" scores clearly demonstrate a trend as a- function of frequency,  except for-the 6 cps

_b - condition. At 6 cps the accelerat1on level was' 0.5 G, while G levels. for the other
. conditions were 0,75 G or 1.0 G. We believe that this single departure from the

trend curve of figure 5 is primarily due to the relatively lower acceleration level at

6 cps than for the other conditions. We estimate that an exposure of 6 cps at 0. 75

G using the same subjects, etc., would result in a rating of about 3.5. The quality
of the vibrated speech was rated poorer than normal speech in all instances, the
values of the ratings are about mid-way between good speech (1) and poor speech (7).

During exposure to various low-frequency vibration conditions, the microphone
shield tended to shake vigorously against the nose of the subjects. In all such

instances, the talkers held the muzzle away from the nose but still over the mouth.
9
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o o
| |

.w.

:Psychological Rating Scale

p—

'Vi_bl.-ati'on' T e
' Frequency of Vibration (cps)

'Filjure 5. Mean Ratmgs of J.O. Lee Phrase on An Equal- Interval
' . Scale of 11 ‘to 7 1 Indicates, very’ Good’ Speech and.7.
Indlcates very Bad Speech

Although these ratmg data prov1de no d1rect 1nd1cat10n of the 1ntell1g1b1llty of_
_the, sentence specific listener preferences are indicated. Speech during no v1bra-‘
-tion was clearly preferred to the v1brated speech ‘Apparently listeners responded '
- primarily to the amplitude modulation .of the speech in making their judgments .
‘The. speech of talkers vibrating at low frequencies sounds unnatural and is less

. preferred by llsteners than is. normal speech

10
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EXPERIMENT II

The procedure followed in Exper1ment I was repeated in Experiment II except
for the nature of the stimulus and the criterion measures, The random vibration

c cond1t1ons were attained w1th the Vertical Accelerator shown in figure 6. This

fac1llty was described in complete detail in a report by Lowry and Wolf (ref. 7).

The character1st1cs of the vibration . exposure were random within a frequency range
"" of 0.5 cps to 8. 0 cps. Acceleration varied- about 10.5 G from the 0 baseline.

: .Twenty one talkers recorded speech while being exposed to random vibration and

: w1thout v1brat1on as a control measure. Subjects wore an'H-157 headset- -microphone

- .".mstead of the helmet -noise m1crophone shield combmatlon. The restraint system

conS1sted of a lap belt and shoulder harness.

*'1& .

A

-

L L D Y

S CHAIR|

-
X

Figure 6. Photograph of Vertical Accelerator

Random acceleration patterns at excur-
sions up to t5 feet total excursion can
be produced

11
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Three criterion measures were analyzed for influences upon speech of the
random vibration. Word intelligibility, duration of vibrated speech, and the
solicited subjective reaction of the talkers to their speech were evaluated.

Vibrated é;pe'ech was presented to the listeners at ‘a sound pressure level of
85 db re 0.0002 ubar with speech-to-noise ratios of -6 db, 0 db +6.db, and
+12'db. Both speech and the masking noise were presented through the -headsets.
The spectrum of the masking noise was essentially the same as that described in
Experiment I. " '

Word Intelligibility

Mean intelligibility scores for the vibration condition vs. no vibration are
shown as a function of speech-to-ncise ratio in figure 7. At 0 db and 6 db speech--
to-noise ratios, there were es sentially no differences in the word intelligibility.
scores. At.-6db and +12 db speech-to-noise ratios, the vibrated speech was

100

90 f—

No Vibration

80 p—
70
60 [—
' Vibration (0.5 cps-8 cps)
50 |— ' :
40 p—"

Intelligibility (per cent words correct).‘

20 —

10 f—

L Z6 0. 6 Y12
Speech-to-Noise Ratio (db)

Figure 7. Mean Word Intelligibility Scores for Vibration
(0.5cps - 8cps) vs. No Vibration as Perceived
with a Speech Level of 85db (re. 0.0002 dyne/cm?)
at Speech-to-Noise Ratios of -6db, 0db, +6db,

12 and +12db
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slightly less intelligible than the normal speech. Treatment of these data by
"'analyses of variance revealed that differences were not statistically significant.
Neverthel_ess , observation shows that the mean scores for the vibrated speech.in no
instance exceeded those of the nonvibrated speech. As was noted earlier, accelera-
tion levels in excess of those experienced by talkers in this experiment might result
in a greater reduction in intelligibility. The influence of the level of acceleration
upon vibrated speech was considered in an experiment recently completed however,
no quantltatlve data are available at this time. For the condltlons examined in th_1s
~ experiment, word. 1nte111g1b111ty was not’ 51gn1f1cantly 1nfluenced by the random

. vibration of the talkers .. :

Duration

Attentlon was not called to rate of talking at any time durmg personal com-

o mumcatron with the talkers. Instructions were to talk as naturally as possible..

' The amount of time required for talkers to: say a standard sentence was analyzed

for var1at10ns due to the random. v1brat10n.

The mean duratlons for the sentences recorded durmg vibration and no vibra-
. tion were 21. 44 seconds and 21.39 seconds respectively. No differences in dura—
tlon of the standard sentence were measured. :

-Subjective Response of T_alkers :

L. tImme’diatel'y fo.ll:ow‘ing' the test session, twelve of the twenty-one talkers were
tnformally queried concerning their speech d.nring exposdre to the random vibration. -

‘The questions were as follows:

o 1 Describe-your ability to ,speak'during the yibration.~ Was it very easy,
g diffi'cdlt, or very difficnlt? Comment. :

, S 2. How do you th1nL your speech would sound to someone else° Very good,
.good fair, poor, “very poor" Comment ' '

de If your experlenced any dlfflCUlty at all in talklng during the exposure,
, What seemed to make talkmg difficult? - Comment

The subjectrve responses of the talkers to these questlons were practlcally
unanimous. .

1. Talking was very easy, no noticeable interference or influence.
2. The vibrated speech would sound good to listeners.

3. No subject reported difficulty in talking during vibration.
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As discussed in Experiment I, sinusoidal vibration produces a tremolo-like
quality of speech that corresponds to the modulation of the air passing through the
mouth. Quite different from this rhythmic interruption of speech was the pattern of
the interruptions during random vibration. During the random vibration, the flow
velocity was interrupted only when the talker experienced a sudden ascent or
descent. However, due to the random nature of the ‘stimuli this was not a rhythmic
modulation, but instead a randomly occurring modulation. The speech heard during
this condition was interrupted for only short instances of time with the period of
occurrence at random mtervals o

If only G 'level were increased, the exposure to a random stimuli would have
sharper ascent and descent peaks providing more frequent and longer interruptions
in speech production, thereby reducing the intelligibility and duration by a corres-
" ponding amount, However, due to the performance limitations of the vertical
accelerator, it was not possible at this t1me to increase the G level without risking
damage to the accelerator.

To summarize, an analysis of the speech of sitting talkers exposed to random
vibrations of 0.5 cps to 8 cps at a level +0.5'G from the 0 baseline indicated
that; there was no difference between vibrated speech and normal speech when
~ considered in terms of (1) word intelligibility, (2) duration, and (3) subjective

‘evaluation by the talkers of their speech.’ :

SUMMARY

The effects of low-frequency, sinusoidal vibration and random v:bration upon
speech productlon of sitting talkers were examined in two series of separate .
experiments. At the acceleration levels utlllzed in these experlments (1) talkers
in noise exposed to vibrations of 6 cps to 10 cps were less intelligible than
nonv1brated talkers in noise, (2) normal speech (nonvibrated) was clearly preferred -
to the vibrated speech, which was rated as poor speech, (3) word intelligibility
was not significantly influenced by random vibration of sitting talkers (4) there was .
no difference between duration of normal speech or speech recorded during random
- vibrations, and (5) no difference between normal and vibrated speech according to
subjective evaluation of the speech by the talkers.

RECOMMENDATIONS

The following experiments are suggested as future research in this area:
(1) effects of vibration levels upon speech production, (2) effects of vibration upon
speech production with talkers in the supine position, (3) hearing during vibration,
and (4) pressure suit and restraint effects upon speech production of the vibrated
talker, and (5) effects of random vibration at higher G levels upon speech production.
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