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Introduction. Voice communication, the subject of the researchas

vof;thié«cqntract, involves a series of assumptions, This is
pa#ficuiarly true with regard to military applications of voice

cemmunication, First, there is a general opinion that face-to-

face talking ia efficient, that meaning is adeguately vhrased

and speken by one person and picked up in identical farm by as
many listeners as happen to be in his view, Evidence to the
contrary in the living rcom, automobile, or office rarely changes
the prevelant belief that ttalking is natural?, ftalking is easy?,
'talking is efficient.t Second, and as 2 part of the cemmunicatien
chain, the view prevails that everyone listens alike. Tests of
individual differences among listeners establish that this

abiiity is distributed in about the sare manner as other physical
and merntal traits, Beyond the fact that assumptions abound in

the phrase voice communication, there is the strong pragmatic

view that 'talking has worked!, it must be good. This could be
questioned on other philescphical grounds.

The matter of importance is that voice communication, imper~
fect in normsl circumstances, is relied upon in military eperations
where both-speed and accuracy are needed. An airplane traveling
600 m,pihi gues 170-200 feet during tive time that it takes a
person 6n the ground to say c#p tonversastionally., But conver-
sational standards de not apply ﬁ@ere the listener-talker is
surreunded by noise levels that %éi the wellt being of the ear,
The intensity of the voice signal m;st te increasad and cen-
comitzntly the duration of the syilabYe is lengtheneds

The objective of the present researches has been improvement

®f voice communication. 4s a basis for this, studies have been
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directed to des:ribing speaking in a variety of circumstances,
particularly in different acoustic environments, Variation in

normal speech is- found to accompany different (1) types of

messages, (2) sounds, and (3) stimulus voices, Yhether

these are cultural effects or not they affect voice intelligi-

bility, one segment of the term voice communication.

The purpose of the present rerort is to synthesize the results

of the experiments of the contract. The details of experimental

procedures are omitted, and the eonclusicns are summarized briefly.

1. Variables in normal speech.
A. The vowel., The principle intensity and pitch of the word

or syllable are contributed by the vowel, Differences in the

relative intensities of the vcwels have been reported; also

average differences in fundamental pitch. The study that is

summarized here was an attempt to moasure intensity, fundamental

frequenzy, and durational aspects of the same samples of speech

and to determine inter-relationships among these variabies.
Forty-two subjects (Ss) read 11 monosyllables that contained

as many different vowels. The readings were reccrded both

phonographicaily and with a power level meter (Scund Apparatus).
leasures of the mean fraquency, duratien, and intensity components
were made and analyses cf variance were psrformed on the readings
of the 16 Ss who were successful in making all of the vowéls,
(The responses of thesz 16 were not significantly different from

those of the entire group of 42 readers in any measure.) F was

significant in all of these analyses. The arrays of the mean

values appear in Table I. Cf the 55 possible comparisons in each

instance the following numbers of pairs were highly significant

. \I‘
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(1%): frequency, 25; duration, 32; and intensity, 9. Both

) frequency {étfd'~duratidn tended to be related to the fopenness!
of the vowel:: the more open the vowel the lower the frequency
of the fundsmental and the greater the duration of the sound.

" B, Types of messages. Two experimenis were conducted in

"which corparisons were made of the intensity and durational

chzracteristics of different kinds of messages. The studies
complemented each other in that different messages were used in

the various conditions in one experiment; in the other, identical

phraseolcgy was used from one ccndition to another. In the

first experiment 48 Ss spoke six short messages: (1) reading,
(2) repeating, (3) continuing the first part of familiar state-

‘ment, (4) locating a familiar site, (5) reading responsively,

and (6} describing a picture. Most of the phirases contained five
syllables. The order of presenting experimental conditions was
co,uxrherbalahced. The mear of the four peak intensity values of

a phrase was used as the intensity measure for the phrase as
spoken by one 3. The mean of the six phrases/condition was
treated an an S's response to a condition and ac a ba:ic measure
in an analysis of variance. The comparable value for the anelysis
of duration was the mean duration of six phrases of a condition
as spoken by one S,

The results of the analyses of variance appear in Table II.
Both intensity and duration diffe:ed fron one type of speaking
to anather., The range of syliabic duration approached a 2:1
ratie. Reading and repeating were the slowest types of speaking
(three syllables/sec.); and locating sites and reading respon-

sively, the fastest (five syllables/sec.)




In the corpurable study 72 93 spoke iive short phrases as
nmessages read (1) directly and {(2) respensively, and (3) as
impromptu responses to questions. Thz Ss participated in three
separate groups on as mz2ny days, and the order of conditions was
rotated amcng the groups.

VUifficulties with equipment made the data difficult to inter—
pret. These were partially overcome by measuring the duration
of the phrase at a constant level with respect to the peak inten-
sity of the phrase (25 db). The F-ratio between type of message
and remainder (message typs subjects) was highly significant.

The means enumerated in Table IXI show reading as a relatively
slow type of performance as in the experiment summarized above.
Intensity measures for the first grcup of 9s in this study were
similar to those cited in the earlier experiment. Lack of signi-
ficance with the other two groups was possibly attributable to
mechanical failure or to questionable experimental design. With
regard to the latter alternative the possibility arises that
differences in intensity that accompany various messagettypes are
sufficiently subtle that they might not appear in 'repeated!
phrases. Possibly a phrase that is said a second time is predami~
nantly a 'learned! phrase, not an example of fdescription! or
improampta Speech. The fact, however, that results with duration
in this experiment--and with one group of Ss, intensity--were
simiiar to those of the earlier one would indicate that the
mechanical difficulties were probzably the main reason the results
only partially corroborated the ones in the companica study.
C. Spesaker variability. The two preceding topics show that

voice messages differ. Scme of the variability might be
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attributed to relatively fixed relationships between the physiology

and the acoustics of talking, For example, 'the more open the

‘wowel, the greater the duration' might seem to be an inevituble

rélation, The lower jaw makes a greater excursion in formirg an

open than a closed vowel. This in turn, takes increased time—
assuming that 'n normal spcech there is a relatively fixed rate
of jaw movement for a single speaker. Flausible as this is, the
series of stulies has shown significant individual differences in
every experiment. Approximately 100 analyses of variance have
been perforsed. Data have been contributed by over 2000 Ss. The
normal experimental unit has been 2 multiple of 12 Ss. MNore
frequently than not the experimental design has included repeated
measures Jrom the same Ss. in every analysis involving voice the
variance attributable to individu=ls has been statistically sig-
nifican’,

2, Teting voice communication.

A, Intelligibility tests. The multiple-choice intelligibility
test s that were devcloped by the NDRC Voice Communication Labora-
tor:y are used by the fervices for testing intelligibility in
volce communication courses. Also the tests are used some in
r2search, Practice varies with respect to the tempo of reading
$he speaker lists of the tests. Each of eigh® items has three
parts and the whole is scored on a basis of 2j items/speaker.

In 311 there are 24 speaker tests. The listener's znswer form
parmits a choice from four words for each one that is spoken.
Responses, i.e., crossing out the words that aru reard, are made
rapidly. However, it h:i:s not been clear whether a rapid reader

penalizog his score by getting ahsad of his listeners, quite
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apart from his intelligibility.

Twenty-four Ss read as many speaker lists, one list/speaker.
Reading was slow, With the aid of 2 sweep-hand time S raused
4 sec. between items (phrases) and 2.5 sec. between words within
an item, The reading of the tests was recorded with 2 high-
fidelity microphone and = magnetic tape recorder. S read in -
quiet. The tape was edited 17 times in order that inter-phrase
pauses of 2, 3, 2nd L sec. occurred respectively with 2.5, 2,
1.5, 1.0, .5, and O sec. inter-word pauses. Each edition of the
tape was copied to a disc recording that was played back to a
panel of listeners (9-12) in noise (105 db). An analysis of
variance was made of the error scores of the listeners. This
analysis and the means of the 18 conditions appear in Table IV.

The large variance z2ttributable to phrase-word interaction

and the lack of systematic order within the columns of means .

suggest experimental error. In spite of this the word interval .

veriance is significantly greater than the largest interaction
value., Howcver, the main problem under test was not definitely
answered. Possibly the noise level in the testing room varied
from sessicn to session, although it was adjusted at the outset
cf each period for 105 db (Generai Radio). Possibly the copying

of the magnetic tape to dis.s was more efficient in some cases

than in others. Within the limits of the experiment no advantage
was shown for pausing longer than 2 sec. between ph:fases in read-
ing the tect. The effect of varying rates within a phrase was
not clear, 2ithough it appeared that speed of reading a three-
word phrase was not criticel in intelligibility testing. (A

study is planned in which the szme voice will read 211 of the
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tests and the variable will be limited to word intervai.)

A second,aépect of intelligibility testing that has been
investigated is the effect of interposing a recording-reproducing
system between the speaker and the listener. Six groups of Ss
(12 each) read the miltipie-choice intelligibility tests. Each
group provided a panel of 11 listeners as the 12 members read
speaker lists in rotation. Two voice recordings were made simul- -
taneously with the 'direct! intelligibility testing, one on discs
and the other, magnetic tape.

A1l testing was done over an airplane 'intercom' mock-up
with listeners and spezkers in 105 db of airpl=ne-type noise.

The recordings were played back to different listsning panels
and the scores 2ssigned the same speakers by the three methods
were compared. There were 18 listening penels. In 2n analysis
of variance (Table V) significznt difference was attributable
to conditions: (2) direct vs. (b) disc:recording vs. (c) tape
recording. The mezn error scores for the respective conditiens
were 7.42, 8,53, 2nd 8.55 (of 24). Both recording conditions
differed significantly fram direct scoring (t, 1%, any difference
between means of .77). In practice, Ss scores are determined in
percent right. In the present instance values would be respec—
tively: 69.1, é4.5, 2nd 64.4. Froduct-moment correlations
between the arrays of sccres of individu2l spaczkers graded by
the three different methods were as follows: r, 2-b, .83; a—<,
.81; b~c, .88. These correlations are as high as are claimed
for the tests themselves. The conclusion is that relative in-
telligibility scores can be assigned as well with high-fidelty

recording equipment in the speaker-listener circuit 23 with
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listeners scoring a speaker directly. An individu=2l score, how-
ever, is penzlized approximately 5% by the recording process.

B, Materials for measuring speech. In the investigations
of voice under spescific conditions and for purposes of compari-
sons control of the stimulus materizls beyond ordinary precautions
was indiczted., Exploratory studies showed th=t messages that were
equatéd in nuzbers of syllables and appezred cguivalent might vary
inherently in both duraticn znd intensity velues. The data re-
lated to vowels, for example; showed that this variability extended
to the fregusncy of the fundemeatsl in vowel sounds.

An ezrly series of experirsents employed as ;ts_ndard stimilus
materials five lists of 12 five-syllable phrasss each. These
were sclected from recorded R/T procedures. The lists were later
edited to cight phrases, equated in intensily ard duration
characteristics, a2nd uscd as materials for reading a2nd repeating.

As a basis for more general measurements four hundred ninety-
two phrases were sclected fron Navy Flight Patler and grouped into
sub-lists of 12 each. Criteraz in the selection of a phrase were:
five syllables, 3-5 words, and maxirzum of two syiladles for any
word. Eighteen Ss read 211 ths parases. The mean duration of
thz phrases ranged frea .88 to 1.55 sec. and in standard deviztion
from .03 to .40. Significant differences in mean duration accce-
panied (1) sub-lists and (2) nusber of words/phrzse. The same
pirases were subseguently studied for natural intensity. Thus
it became possible to draw up lists of test phrases equated in
intensity and duration. These were used for securing repeated
measursments from the same Ss without their spezking identicel

contents in different performances.
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In determining these measures readings were taken from dif-

'rt?ﬁg%é}éiﬁiThéié6??3T§£§6ﬁfbétﬂeen the intsnsity measurements

'7’égiéiiaéa;bz'thefceneral Radio sounid level meter (slow) and the

Séﬁé@QAPparatus,pbwér level recorder exceeded .9. Also there was

high corrélatica (r « +96) between the intensity of phrases as
:indicated by (1) peak intensity and (2) the mean of four peaks.

3, Controlling speech through spoken stimuli., Various ap-
proaches have been made toward the improvement of the intelligi~
bility of voice communication: (1) alteration of communication
equipment, (2) protecting the .istener's ear from masking voice,

(3) standardization of messages, and (4) training persomnel to

" use their voices to better advantage., Another approach has been

“explorad in a series of experiments in which the effect of heard

yoiqe upon responding voice has been investigated.

A. Intensity. The best documented concomitant of intelligi-
bility over communication systems in noise is strong vocal intensity.
A loud voice, with proper use of equipment, cﬁntributes a favorable
signal-to-noise ratio, a requisite for satisfactory listening.

That adequate intensity for reasonably clear transmission can be
acquired through brief training has been shown. The results,
however, are averages for groups of Ss and are obtained during
routine periods of intelligibility testing. They are not assuredly
present with each intervening or succeeding voice transmission

by each S Probably the intensity of the flight messages fluc-
tuates when the télker is somewhat under the control of his
listener, the two voices alternating in two-wzy communication.

A resumé of the relevant findings: 25 Ss repeated 60 five-

syllable procedural messages that were heard at five levels of

——— e R e Y—— st .~ " O
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intensi® -12 messages/level. The levels represented a range of
85 db at the input of the headset and from barely intelligible
to very loud at the ear., A similar number of Ss spoke obvious
one-word replies to 60 questions that were heard at the same five
levels of intensity. The important difference between the two
circumstances wzs that S invented the answers in one instance and
not the other, In both cases, except when very weak intensities
were under comparison, the means of the peak responses‘were higher
as the intensity of the stimuli was increased, In a2 third part
of the study 16 Ss were requested to maintain 2 single level of
talking irrespective of the intensity of the stimulus. The
tendency of reply in keeping with the intensity of the received
messages persisted, The data of these experiments are summarized
in Table VI.

In each of the three studies the responses to the weakest
stimuli were numericaiiy more intense than the response to level:
2. The possibility arose that a significant effect was being
obscured by the gross increment in the intensity of the stimuli
(20 db) between these levels. An experiment was planned to test
this possibility. One voice recorded five lists of eight words
each, The first and last four words of each list were antonyms
of each other, for example, full, narrow, sister, many, émpty,
wide, brother, few. S heard the list two times at five levels of
intensity. On one occasion he repeated the words, and on the
other he said the opposites of the words. In both instances he
said the same words although in response to different sets of
directions. The order of conditions was counter balanced anmd

each list was used with eac¢h condition an equal number of times, .

Pt

»




The five levels of intensity were six db apart and the lowest one

=o o e

"~ was 5 -db above-S's word-dlscriminstion throshold, This threshold

“Wal :fou jxﬁj_j_ﬁ by (ﬁé;king; ng .S to repeat sﬁcéessi\fe 12-word 1ists heard at

R 4

':A.'g‘ﬁvt;g{;ég’eisjgi_o';i/}éf low levels. The words and lists were equated for
o iﬁtelligibility. The level at which his responses were 50% correct
‘ wa’écalled his :'word-dis;crimination threshold!, The results of‘
=i ‘-th‘é:é:fcﬁérimént are summarized in Table VII. The responses to
‘level 4 Were significantly (1%) less intense than the responses
to all weaker stimulus levels, It is reasonable to suppose that
some of these levels of stimuli, including level 4 fell between
-levels 1 and 3 in the earlier study.

_ There would seem to be two gencral ways of increasing the

‘intensity of the responding voice: (1) give the ear of the
. listener-speaker very faint signals; or (2) give the ear very

intense signals. Since the increments in the intensity of re-

sponse were small in the first instance it has little practical

- application.

There was no difference in intensity corresponding with the
repetitions—-opposites comparison.

The pattern of the results of the experiments described
above recurred several times in other cxperiments in which the
effect of the intensity of the stimulus upon the intensity of
the response was not the main experimental variable. In one
instance four types of responses were required to stimuii of
different levels of intensity. The stimuli were words--as
described in the preceding paragraphs--and digits and letters’.
The spoken responses to the words were: (1) repetitions and

(2) antonyms. The responses to digits (and letters) were:
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(1) repetitions and (2) the solutions to siaple problems--addition
and subtraction. Ip all four instances the mean intensity of the
responses varied with the intensity of the stimuli in the manner
of the preceding discussion.

The results cited were derived from experiments in which
there was a time lag between hearing the stimulus and saying the
response, Other studies treated talking that occurred simultane-
ously with the experimental auditory stimuii, i.e., sidetone,

In one experiment the equipment was an interphone mc_:k-up with
the amplification of S's sidetone varied systematically. Sixteen
Ss read standard intelligibility tests, one with each of four
levels of sidetone. Two were above and two below the normal
level provided by the interphone amplifier., Speakers and listeners
were surrounded by high-level noise (110-114 db). The intensity
of the spoken messages and the intelligibility of the Ss were
measured. As the amplification of the sidetone was increased
the readers attesnuated their levels c¢f reading. Concomitanﬁly
their intelligibility was reduced. The results are summarized
in Table VIII.

The disimilarity between this experiment and the foregoing
ones is obvious, both in plan and results. In this case the more
intense sidetone produced attenuated, not more intense speech.
The two sets of studies were alike in that in both the intensity
of the heard stimuli affected the intensity of the responses;
they were dissimilar in the direction of the chunge. Yhen the
listener could alter (reduce) the intensity of the strong signal
ksidetone) that he heard, he did so. ¥hen he was not speaking

and could not change the signal level of the person who was .
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speaking, he became intense with the stimulus that he heard.
~;i;é{;§§é§9ﬂ@:p{ftﬁé studies of the effect of intensity (heard)
,éﬁgﬁ_ingenéity'(spokég} could a mathematical function be deter~
’ *in,méd;fiimt obtained for other studies. The quantification of
.- this relationship is doubtless possible. It requires recording-
":rgpzbaucing equipment with greater dynamic ranges than was
available; also an absence of noise in the system at all levels
under comparigon.
The question arises whether the listener-speaker responded
to the intensity or the loudneuz ¢: the stimulus. Only the
" former was controlled in thc shmlsy cited. An exploratory
study was designed to find whether the general jpattern, 'The
more intense the stimulus, the more intense the response! could
be extended to, 'the louder the stimulus....! Pure tones of 10
freguencies, 98-247 c.p.s., stimulated an S's ear for 10 sec,
The0inten§ity cf the tones was constant. This meant, in terms
of the Fletcher-MYunson equal-loudness curves, that the loud-ess
of the stimulus tones was dissimilar. After the 10 sec, stimu-
lation S (24 Ss) read a nonsense syllable containing the vowel
(A). The intensity of the spoken syllable was measurzd. S
read a total of 3C syllables, three responses to each of the
10 frequencies. An analysis of the results appears in Takle
IX. There were significant increments in the intensity of the
reading accompanying the loudness levels of the stimuli. Pos-
sibly the precise function that would describe the effect of
heard intensity upon spoken intensity would be in terms of loud-

pess instead of intensity.
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B, Rate, In a set of experiments similar to the ones con-
ducted with intensity the effects of different rates of heard
speech upon the rates of responses was investigated. Five-syllable
phrases were recorded at different rates of speaking, varying in _
total duration/phrase, 1-4 sec. Groups of Ss heard and repeated
the phrases under instruction to talk naturally. In one experi-
mental plan the Ss heard five lists of phrases with all of the
phrases of a single list spoken at the same rate--five rates for
five lists; in another, the rates were varied from phrase to
phrase., The duration of the responses was measured. In a sub-
sequen. expsriment the same technique was followed except that
the natural readings of five speakers with differing rates were
used as stimuli. Tpe results of the investigations are summarized
in Table X. These three studies astablished a patterm, !The
faster the raie of the stimulus, the faster the rate of the re-
sponse.! This pattern recurred in 231 studies involving time
differences among stimuli.

One extension of principle was studied with respect to
pauses in the stimulus phrases. Phrases were recorded (a) with-
aut pauses, (b) with natural pauses, and (c¢) with unnatural or
jllogical pauses. The mean responses were significantly different
in duration: (1) the inclusion of any pause~in the stimulus
lengthened the responses; (2) the logical pauses increased the
duration of the responses more than did the illogical ones.

No study yielded satisfactorily a quantitative statenent of
the relationship between vocal intensity and duration, Several -
studies gave indications that the two were positively related,

and that as one was shaped by either S's physical or verbal
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environment there wns an effect upon the other. An expseriment

S ‘;3§§Swdé§igﬁé& to try to determine the relationship, Questions of

S

’?exﬁéfiﬁéﬁ£§l error made thé results somewhat less than definitive,

O ~;1§hoﬁéﬁ‘i§dicative‘of a close relationship between intensity

. 19véiﬁ§§alrgte, Eighteen Ss heard and repeated equated phrases
at -each of three rates and, in turn, from three transmission
:syste@s{ voice (direct), earphones, and loudspeaker. The mess-
ages were heard at a low level. A second group of Ss repeated
fhe procedure while hearing the items at a conversational level.
And a third group heard the messages loudiy.

The effect of the rate of stimvlus on rate of utterance was

_tlear in all comparisons. The effect of the intensity of the
stimulus upon the intensity of the response was alse clear, and
in keeping with the results of earlier studies. The differential
effects of the transmission systems were more difficult to assess.
Table XI lists the mean intensity and duration values for the
various conditions.

C. Pitch., Two studies were conducted to find whether the
pitch (fundamental frequency) of the responding voice was affected
by the ccrresponding attribute in the stimulus voice. In one,

60 five~-syllable phrases were recorded with half of the inflec-
tions of the final syllable up and h21f down (random order).

The same phrases were re-recorded with inflections cpposite those
of the first recording. Groups of Ss (24 each) heard and repeated
the phrases., The repetitions, in turn, were recorded and the
recordings played back to groups of judges. The judges indicated
phrase by phrase whether the messages ended with an ugward or

downward inflection. A majority of judgments/phrase/speaker was
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taken as an indication that the phrase was spoken up or down.
The results were evaluated by a chi-square technique, More than
one third (23/60) of the phrases tfollowed the stimulus! at the.
1% level of confidence; and more than one half (35/60)at the 5%
level, Definitely the pattern was for the talkers to 'say back!
the messages with the inflection that accompanied the stimulus.
The second study is inccnclusive at present. An investi-
gation, discussed above, related to the intensity with which Ss
responded to tones that represented different loudness levels
(constant intensity). Frequency measurements were made of the
oral recsponses to the different frequencies. There were signifi-
cant differences among the means of the responses. Thus it might
be interpreted that, fThe higher the stimulus tone (c.p.s.) the
higher the response.! However, as noted above there were differ-
ences in vocal intensity accompanying the respcnses to the
different tones. There is a2 positive relationship between vocal
intensity and frecuency, the more intense voice having the higher
frequency (for the seme individual). Therafore, the increments
in frequency mi.ght have been (1) incidental accompaniments of the
increments in intensity, or (2) vice versa, or (3) nnrelated
phonomena corresponding with c.p.s. and loudness levels of the
stimuli independently. Further work is in process on this problem.
D, Articulation. A4nother demonstrated determinant of voice
intelligibility is precision of articulation. Physically this is
probably a function of amount a2nd duration of breath pressuro:at
the places of articulation. In zn experimental situation Ss were
found to spezk in a manner to copy the degree of articulation

that they heard immediately before talking. PBriefly, five voices
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recorded 12 procedural messages each, Varying degrees of articu-

lationwere déIiberately used by each rcader with his over-all

"j@tepgit;f‘ éﬁd-d&ation held constant, Twenty-four Ss heard and

:_repeatedz the :messages under the specific instruction to talk

naturally. These responses were recorded phonographically. The

repetitions of one well-articulated phrase and one poorly articu-

~ lated phrase (as spoken by each stimulus speaker) were re-recorded

and played back in pairs to panels of judges. Fifty-three judges
selected the fbetter articulated! message in each of the 120 pairs
of repetitions.. In more than half of the pzirs of responses the
Judgments showed that the repetitions of the well-articulated
phrases were uttered more precisely than the repetitions of the

poorly articulated messages—this at the 10% level of confidence.

-Judgments of more than one-third of the pairs deviated from a

chance outcome at. the 1% level of confidence and in a manner to
associate the precision of articulzation of the responses with
that of the stimulus. These results are summarized in Table XII.

E. Physical environment. Rooms. A second general method
of influencing the manner in which a person .speaks is to alter
the physical conditions surrounding him. An experiment was con-
ducted in which 184 Ss participated. Reading occurred in eight
rooms. The rooms represented two sizes, shapes, and reverbration
times., Twenty-three Ss read in each room. The szme phreses were
used throughout. Measurements were made of the intensity and
duration cheracteristics of the reading. The results are summar-
ized in Table XIII.

Both vocal rete and intensity in the saying of a series of

short phrases were affected by the room conditions under which
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the reading occurred. Phrases were read slower in large rooms
than in small ones, and among large rooms, the rate was slower
in live than dead rooms. During resding a series of phrases the
mean rate became faster, more sc in large than in small rooms.
This result was computed by comparing the ratc of the first and
last three phrases as iead by ezch S.

Intensity of reading was greater in dead than in live rooms,
particularly in the larger ones. This interpretation depends up-
on the accuracy of a directional microphcne to react almost ex-
clusively to a direct wave front emz2nating from a talker and the
supporting observation that during the reading of the phrases Sts
vocal intensity increased in dea2d rcoms and ei_ther decreased or
remained constant in live ones. More intensity activated the
microphones in small than in large rooms. It is not clear that -
this resulted from correspording differences in vocal output; it
may have resulted from reflected wave fronts.

The data indicated that the reader monitored his sidetone
as he read and adjusted his vocal behavior during reading. This
response to !'feed back! was consistent with maintzining a 'normal!
experience at the ear.

F. Cubicle. As an extensioncéf the study of rooms an in-
vestigation was m2de to find whether the difference between large
and sma2ll rooms carried further to sm2ll: temporary enclosures,

A group of Ss rezd groups of eguated phrases in noise and quiet
and in each instance with and without a 2 x 2 x 2 ft. cubicle-
about the head. i+he room and cubicie were sound-treated. S
spoke into a carbon lip microphone (¥-6/UR). A4n analysis of

variance failed to show any difference in intensity in the
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cubicle-no cubicle comparison.

G, mmmnat;on of a room. An experiment was conducted in

 which 30 Ss sat in three degrees of illumination (bright, half-
1ight, and:dark) while repeating recorded word lists. No differ-

ence in word intensity occurred in this comperison.

H. Noise. The a2nalysis of the Cubicle (F) edpérizent did

show significance with regard to levels of reading in noise-ns

goisea Table XIV summarizes the results of the study. Exposed
to noise (105 db) S spoke nine db more intenssly than when in
quiet.

iI. ¥icrophone pl=cement. A study of the effect of microphone
position cn vocal intensity in ocwiet was incenclusive, due to
lack of success in repezating the experiment, Sixteen Ss vook
part in the study. Ezch sat with his head in a constant position,
a fixed distance from a hidden microphone. S read identical
passages while an experimenter (B) shifted a dummy microphone
1, 2, 3, 2nd 4 feet from S. Intensity measures were secured
from the hidden microphone. The results are semmerized in Table
XV. When the experiment was repeated with a different order of
conditions no significent differences were observed. This,
however, was in combinztion with 2n error in the caiibration of
the equipment. The level of response of the system was atten-
uated frcm the level used when the results above were obtained.

On another occasion when the output of the microphone amplifier
¥as reduced a similar-—although less important--discrepancy in
results sppeared (ses message types, zbove). It is possible thst
at low levels of response the circuit did not discriminate among

small differences in input intensity. Another resuli that was
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inconsistent in the two trials of this experiment was the differ-
ence in intensity when S was directing his speech to a live
listener (E) who was alternately four and eight feet from S.

In the first trial S was significantly more intense when speaking
over eight feet. In the second trizl thers was no difference.

In both trizls ¢f the experiment S was significantly more intense
when spezking t5 2 microphone than he was when speaking to a
person-—both four feet from him.

Jd. Audience, Two groups of Ss of different military status,
officers and officer candidates, read lists of phrases (1) alone,
{2) to their fellows, and (3) to members of the 'other groupt.
The intensity and the duration of the phrases were measured.
Tlgere was no cignificant difference in either the J:.ntensity or
duration of the officers! reading under the three conditions.

The candidates, however, varied in intensity, tzlking louder in
the presence of an awdience than when 2lone (Table AVI).

K. Training. Barlier experimentation has demonstrated
the beneficial effects of training for voice intelligibility.
Training syllabi streses the importance of Ss! speaking loudly
into the microphone. This instruction—to talk loudly—-is
variorsly phrased. In an experimental situation typical werdings
wa2re used with Ss during a series of intelligibility tests. S;
upon reporting to 2 centrzl talking stztion, was handed a card
on vhich was typed one of six messages (in addition to the lines
"This is an intelligibility test. Follow the instructions on
your speaker!s card. Hold the microphone lightly touching your
lips.® -

(1) IF YU iRE TO EE HEARD, YGU WUST SFEAK JUST SHORT OF -

suMmrerDITn
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(2) 1IF YOU 4RE TO BE HEARD, YOU MUST SPEAK SO THAT YOU
FEEL THE :‘STRAIN OF SHOUTING.

(3) IF YOU ARE TO BE HEARD YCU MUST SPEAK IN A”MANNER TO
PRODUCE A GOOD CLEAR SIDETONE (IN YOUR 0N HEADSFL).

(4) (NONE]

(5) (None, but in this condition, iumediately after S
spoke the first item of the test, E said, "Say again; speak
louder.")

(6) IF YOU ARE TO BE HEARD, YOU MUST SPEAK LOUDLY.

Speaker test lists were counter balanced among the six
conditions., Twenty-four Ss received each instruction.

An analysis of variance was made of the scores in each
condition and of the intensity of the spezker. The recults are
summariized in Table XVII. Three of the directions were signi-
ficantly more effective than none in securing increszsed intensity
of reading, Conditions 1, 2, and §. The fact th2t condition 3
was not significantly different from none in inteusity a2ad pro-
duced the highest intelligibility score is interesting. There
is the possibility that the direction was interpreted more in
terms of articulation-~another accompaniment of intelligibility-~
than of intensity. The results indicate thzt for securing grester
intensity from Ss, written directions using the words shouting or

speak loudly are beneficial. Possibly good, clear sidetone

contributes to precision of articulation.
4. Physiology.

A. Loud talking., A study is under way to determine the
physiological effects of talking, As a point of reference 'loud

reading! was used as t2lking performance. Twenty Ss read as

[EPTTT P TR
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loudly as mposgsible for 30 min. Coatinuous oximeter readings were

L]

made during the reading and for 30 min. following the reading.
Also alveolar air samples were collected each 10 min, Thus far
the results of speaking seem to be those that atténd hyper-
ventilation,

B. Coryzal speech, An effort was made to quantify the
effects of a cold upon speech., Ss read intelligibility tests
'with a coldf, 'with a treated cold!, and tafter recovery'.

(1) Intelligibility was not systematically changed as a result
of a cold. (2) From recordings judges were able to identify
voices with a cold. (3) No single group of speech sounds seemed
to distinguish a 'cold! voice.

C. Temperature. An attempt was mede to dctermine the
effect upon body temperature of sustained exposure to high-level
noise. This study related to the assumptions that body témpera4
ture is indicative of sleep vs. wakefulness, and the question
posed was whether noise plus the task of hearing and writing
words contributed to sleep or wakefulness. The etudy was inci-
dental to other researches that were ir) progress, spscifically
to the rating of large numbers of words in intelliginility.

Approximately 400 Ss participated in the study in the follow-

ing manners &nd at the indicated times.

0700 ~ 0930
Experimental vontrol
Exposed to Engaged in
Noise while clerical
hearing and work-in
writing word quiet
tests

1200 - 1430

N,147 N, 40




The mcan temporatures of the four groups at the outset and end o
the porisds {..0w
the periods follow:

0700 -~ 0930
Experimental Control
98-3 hond 9802 9892 - 9708
t, 2,56 (12) £, 6.25 (1%)
1200 - 1430
98.5 - 98,3 98.7 - 98.0
t, 4.07 (1%) t, 8.78 (1%)

The mean temperature of all groups fell significantly during the
pericds under consideration., However the temperatures of the
control groups fell significantly more than the experimental
groups (A.M., t, 3.75; P.l., t, 5.88). Thus if these measures
were taken during normal times for temperatures to fall for these
Ss the noise condition may be thought of as retarding the trend.
The element of least conirol in the experiment was probably the
amount of work that the Ss were doing. Writing word lists is a
compelling activity that is not identical with clerical work.

5. Listening. i3,

A. Monaural listening. Little work has been done under
the contract with listening apart from spezking. In one experi-
ment monaﬁral and binaural listening were compared. T..ere were
indications that monaural recepticn was superior, When this was
bested further with 2 small number of Ss participating in a
Latin square experiment2l design no difference was isolated. As
one part of this study scme Ss were exposed to high-level noise
for 1~1/2 hours, Twis did not affect their ability to hear re-
corded intelligibility tests ;n noise.

B. Posture. In = second study the effect of head posture
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upcn listening ability was tested, No relationship was found,
Ss heard equally well in any of four postures: head erect, head

forward, head left, and head right,
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Table I

Mean values of frequency, duration, and intensity measurements of 11
Vowels. N’ Ss, 16.*

Frequenc Duraticn (sec.) Relative
Zc.p.s. ; Level recorder Magnetic tape intensity

7db)
(1) 145.7 .252 159 0.00
(1) 141.7 .251 135 2.86
(e) 136.5 286 JA91 1.77
(&) 137.6 .265 153 3.12
(@) 132.5 .331 .208 344
(9) 134.8 .318 «209 3.22
(a) 140.5 .263 54 2.21
(o) 137.0 .269 197 3.711
(o) 148.8 248 153 2.52
(u) 153.0 292 .200 2.56

#Any difference between means significant (t) if it exceeds:

;t: 5} 1% E’ 5%
Frequency 7.3 5.5
Duration
Level recorder ,032 .025
MNagnetic tape .028 .021

Intensity 2.17 1.65
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Table II

A. Summary of analyses of variance oi intensity and duration measures of
six types of speaking. Rate: basic measures, mean syllabic duration (sec.)
of approximately 30 syllables/condition/S. Intensity: basic measures,
;eag in;c;gnsity:(db) of 2, peaks, four in each of six phrases/condition/s.

3 OS8, .

Source of Mean square

variation d.f. rate ~ Intensity
Conditions . 5 592,658 362.40%x
Subjects 47 116.94 306.30
Remainder 235 8.14 2.54

¥¥% Significant (F) at the 1% level of confidence.

B, Relative means of values analyzed in A,

Duration¥ Intensit,
(sec./syliable) (db)

1. Reading .33 4.
2. Repeating .37 3.7
3. Continuing statements .26 _ 0.0
4. Locating sites .20 1,0
5. Reading responsively .20 2.2
6. Describing 27 3.8

# Values derived from graphic level recorder readings. Any
difference between means of .02l significant (tjat the 1% level of con-
fidence; .016, 5%. .

#¥ Intensity values relative to the least intense condition,
i.e., condition 3 = 29,2 db = O; this is comparable to 68.5 db (Genéral
Radio). Any difference between means of .830.significant (t) at the 1%
level of confidence; .631, 5%.
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Mean durational values of three types «f messuges, measurxd 25 db below

the peak intensity of the phrase.

Iype of speaking

Reading
Responsive reading
Improoptu speeches

N’ Sﬁ, 72.

Durasion (se. /phrase)*

L9
3.23
3.06

# Difference between means of .25 significant at the 1Z (t)

level of confidence; .15, (5%).

Table 1V

A. Summary of analysis of variance of error listening scores of successi.ve
panels of listeners who heard the same intelligibility tests with specific

inter-item and inter-phrase pauses.

Source of variation

Phrase interval (P)

Word interval (W)

Tests (also speakers) (T)
PxW

PxT

xT

PxTxW

d.

o]

Mean square

* Signiticant (F) at the 5% level of confidence.

B, Mean error scores analyzed in A.

Word Phrase interval (sec.)
interval
sec. i 3 2
2.5 . 11.9 9.9 4.1
2.0 8.1 7.2 6.9
1.5 5.9 7.3 L.l
1.0 7.1 9.6 10.2
.5 2.6 8.0 8.1
R¢) 13.C 11.7 8.8
Over-all 7.9 7.6 7.4
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Table ¥

Summary of an analysis of variance of the intelligibility scores assigned
to 72 speakers through (a) immediate listeners, (b) listeners hearing disc
recordings of the tests, (c¢) listeners hearing tape reccrdings of the tests.

Sources of variation d.f. Mean square
Speakers 71 16.64
Transmission systems 2 30.43%%¢
Remainder 152 1.03

#% Significant (F) at the 1% level of confidence,

Table VI

A, Summary of analyses of variance of the intensity of oral responses to
stimuli heard at five levels of intensity. (1) Repetitions: single words,
25 Ss. (2) Answering questions: single words, 25 Ss. (3) Repetitions:
single words at constant level, 16 Ss.

Mean square

Source of variation  d.f. 1 2 3
Intensity L 502.75%%  LL,0,213% 62,723
Subjects 24(15) 75.75 101,44 166.99
Remainder 96(60) L.78 5.08 4.59

#¢ Significant (F) at the 1¥ level of confidence.
B. Yeans (and SD's) of the values analyzed in A.

Mean response (db)
Stimulus 1 2

1. ¥inimal for under- (4.67) 1.26( &) 71.25(6.11)
standing single words  74.02(4.67 71.26(4. .25(6.

2. Condition 1 plus 20 db  73.14(3.73)  70.94(4.43)* 70.56(6.39)

3. Condition 2 plus 20 db  75.06(3.41px  73.26{4.29)* 71.31(5.58)

L. Condition 3 plus 20 db  78.38(4.40)¢+  75.78(4.95)% 72.25(5.76)*

5. Condition 4 plus 25 db  83.98{4.95) 8LAA5.71)  75.56(5.49)

# Significantly different (t) from the mean impediately velow.
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Table VII

A. Summary of analysis of variance of intensity of oral response (repeti-
tions and opposites) to stimulus words heard at five levels of intensity.

Source of variation d.f, Mean square
Intensity (I) L 35,7
Types (T) 1 7.33
Subjects (S) 24 789.51
IxT L 2.09
IxS$ 96 12,21
SxT 2L 8.78
SxTxI 96 4 .86

# Significant (F) at 5% level of confidence (compared with I x S).

B. Relative mean intensities of the levels analyzed in A.

Level of stimulus Relative mean (db)*
1. Threshold plus 5 db 2.4

2, Level 1 plus 6 db 2.0

3. Level 2 plus 6 db 1.7

Le Level 2 plus 6 db SOt

S. Level 4 plus 6 db .9

% Any difference of 1.6, significant (t) at 1¥ level of confidence.
#% 0 = 69 db (General Radio).




30

Table VIII

A. Summary of analyses of variance: (1) scores of three listening panels
hearing word lists that were spoken sith the Ss experiencing three different
levels of sidetones; (2) the intensity of the Ss.

Mean square
Source of vardation  db  Intelligibility (@) Intensity (db)
Listening panels (L) 3 5462.1
Sidetones-(5i) 3 38032, 08%% 3863,16%
Remainder 9 3059.86
Phrases (P) 7 12.57
Speakers (Sp) 15 1050.55
SixP 21 24.08
SixSp : L5 192.11
SpxSixP 315 15.44

## Significant (F) at the 1% level of confidence.

B, Means and standard deviations of the values analyzed in A,

Mean Response Mean
Level of sidetcne Intelligibility (Z)¥* Intensity (db)**
0 db 56.4 41.9
‘lll- db 62-9 h8.0
-27 db 68.8 52;9
-38 db 76.3 54.9

# A11 differences between means significant (t) at the 1% level
of confidence.

%% Any difference between means of 3.7 significant (t) at 1%
level of confidence; 2.7, 5Z.




Table IX

:Summary of an analysis of variance of the inténsity of readings of nonsense
-syllables in response to stimuli of equal intensity and different loudness.
Stimuii, pure tones of 10 frequencies. N, Ss, 24.

Source of variation a.f, Mean square
Conditions 9 13.40%%
Subjects 23 63.60
Remainder 207 1.4

3% Significant (F) at the 1% level of confidence.

Table X

A, Summary of analyses cf variance of the rates of oral responses to
heard stimuli of varying rates. Stimuli: Yive-syllable phrases.

Mean sguare
Responses to stimulus conditions
one rate randem nratural
Source of variation d.f. per list rates rates
Rates 4 1.665 T B35
Subjects 24 .67 .60 .65
Remainder 96 .06 .0z .02

*¢ Significant (F) at the 1€ level of confidence.
B. Kean duration {sec.) cf the phrases (responses) analyzed in 4.

Duration of repetition

one rate random natural
Duration of stimulus per list® ratés%® ratesxxa®
Rate 1 {short) 1.30 1.46 1.43
Rate 2 1.47 1.8 1.51
Rate 3 1.77 .76 1.56
Rate &4 1.77 1.80 1.57
Rate § : 1.82 1.94 1.89

* Any difference between means of .18 significant (t) at 1%
level of confidence; 14, 5%.

*% Any difference between means of .10 significant (i) at 1%
level of confidence: .08, 5%.

%%t Same as immediately above.
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Table XI

Mean duration (sec.) and intensity (db) of repetitions of phrases heard
over three transmission systems at each of three intensities (1. soft;
2. medium; 3. loud) and rates (fast, medium, slow).

A. ¥ean duration (sec.).
Mean
Level 1% Level 2#= Level 3%k (over-
Fast Med. Slow Yean Fast Med. Slow Kean Fast Med. Slow ¥ean all)

Loudspeaker 1.15 1.35 1.45 1.31 1.25 1.37 1.48 1.37 1.33 1.49 1.63 1.48 1.39
Headphones 1.22 1.49 1.55 1.42 1.26 1.44 1.55 1.42 1.34 1,54 1.66 1.51 1.45
Direct 1.19 1.35 1.54 1.36 1.30 1.44 1.57 1.54 1.38 1,52 1.72 1.5 1.45
Wean 1.19 1.40 1.51 1.27 1.1 1.53 1.35 1.52 1.67

Mean (over-all) 1.26 1.1 1,51

Any difference of .109 significant (t) at 1% level of confidence; .083, 5%.
=t Any difference of .092 significant (t) at 1% level of confidence; .070, 5%.
% Any difference of .127 significant (%) at 1% level of confidence; .097, 5%.

wode W

B. Mean intensity {db).

$Mean

level i* Level 2%% Level 3%%¢  :{over

Fast Yed. Slow ¥esn Fast Med. Siow Mean Fast ¥eéd. Siow Nean - a)l)

Loudspeaker 31.6 32.9 32.0 32.2 28.2 26.8 28.5 28.8 40.8 11.1 40.8 LO.9 34.0

Headphones  34.9 35.6 34.8 35.1 28.5 28.8 27.8 28.4 40.4 41.2 40.2 40.6 3.7

Direct 30.8 30.4 30.8 30.7 29.0 29.4 28.6 29.0 40.4 29.9 39.5 40.0 33.2
Hean 32.4 33.0 32.5 28.6 29.3 28.3 40.3 40.7 40.2

Yean (over-all) 32.6 28.7 40.4

* Any difference of 2.37 significant (i) at 1% level of confidence; 1.80, 5%.
% Any difference of 1,70 significant (t) at 1 level of confidence; 1.29, 5%.
3=+ Any dufference of 1.95 significant ’(g) at 1% level of confidence; 1.49, 5%.

—
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Table XIT

Distribution of proportions according to the level of confidence with
waieh the hypothesis "the precision of articulation of stimulus ph-ases
does not affect the precision of articulation of repetitions" can be
rejected. N, proportions, 120. Each proportion based on 106 judgements,
by 53 judges.

Number of proportions excesd- Level of confidence
ing indicated probability 30% 109 5% 2% 4
+.50 P (Correct) y/A 62 55 L9 INA
-.50 P (Incorrect) 18 10 10 7 )
Table XIII

A, Summary of analyses of variance of duration and intensity of phrases
as read in eight rooms representing two sizes, shapes, and reververation
times., N, speakers, 18, (23/rvom),

Source of Mean square
variation d.f. duration intensity
Room size (5i) 1 5711.0s% 1710.0
Room shape (Sh) 1 29.7 2.0
Reverberation (R) 1 1219, 5% L5k O
Si x Sh 1 25.2

Sh xR 1 k.5 25,3
SixR 1 11747

5i xSh xR 1 198.5

Within groups 176 127.3 13.3

¥# Significant (F) at the 1% level of confidence.

B, Means of duration (sec.) and intensity (db) of phrases as spoken in
each room,

Duration# Intensity*
large Small Large Small

Dead ILive Dead Live Dead Live Dead Live

Circular 1.5 1.72 140 .46 70.57 75.12 76,77 79.23
Rectangular 1,52 1,75 142 1,37 70.83 72,50 76,77  80.67
Mean 1,53 1.7 1.kl 1.l 70.70 73.8L 76.17 79.95

# Any difference *..tween two means of .17 significant (i) at the 1% level
of confidence; .13; 5%.

## Any difference between two means of 2,77 significant (i) at the 1% level
of confidence; 2.11, 5%.
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Table XIV 3k

Summary of an analysis of variance of the intensity of equated phrases
read in noise (. 5 db) and quiet and in each instance with S speaking in
a cubicle and in an open room, ’

Means

Source of variation d.f. Mean square
Cubicle (C) 1 o.1.
Noise (N) 1 1890.
Subjects (S) 23 56.6
CxN 1 1
CxsS _ 23 5.0
NxsS 23 16.4
CxNxS 23 5.0

% Significant (F) at the 1% level of confidence,

of values analyzed in A,

Intensity (db)

Noise Quiet
—
Cubicle.. .. . 31.0 2.2
No cubicie 31.1 2.2
Table XV

Summary of an analysis of variance of voice intensity measures
made while a presumably live microphone was at 1, 2, 3, 4 ft. from

N, SS, 16.
Source of Méan square
variation d.f. rate
Subjects 15 18.59
Pistances 3 1.93%¢
Remainder L5 47

##Significant (F) at the 1% level of confidence,

Means of relative intensity values analyzed in A.

Distance from microphone (ft.) Intensity (db)*

1 21,11
2 20,66
3 20,54
L;- 21026

¥Any difference beiween means of 67 significant (3) at

the 1% level of confidence: .51, 5%.
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Table XVL

Mean relative intensity of officers and officer candidates when

reading phrases: (1) alone, (2) to members of their group, and
(3): to members of the tother! group.

¥eans of relative intensity (db)

‘Audience Officers Officer candidates#
Alone 39.0 34.8
To fellows ) 38,6 37.0
To 'other! group 38.3 36.9

at the 1% level of confidence.

#Any difference between meaf of 1,6 significant (t)

Table XVII

A. Summary of analyses of variance of (1) the intellizibility scores
agsigned each of 144 Ss who were speaking under six different directions
(eleven listeners/S), and (2) the mean intensity with which Ss spoke.

WONT L3 Tl VLTl

Source of variation d.f.
Tests 23
Directinns 5
Remainder 115

Mean square
Intelligibility Intensity
6.3 6.3
6 . 9 76 [ l&**
l} [ ] 5 15 . 3

#*Significant (F) at the 1% level of confidence.

B, Meéans of the scores analyzed in A.

Condition Intelligibility (%) Intensity (db)*
l. "...just short of shouting" 62 29.9
2. ",..,the strain of shouting" 64 32.2
3, ",..g00d, clear sidetone" 64 28.9
4, .. .%none)" 59 27.2
5. ",..('say again; talk louderi)" 61 28.8
6. "...you must speak loudly"® 62 31,0

#Any difference between means of 3.0 significant (i) at the

19 level of confidence; 2.3, 5%.
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