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LOUDNESS OF SPEAKING: THE EFFECT OF HEARD STIMULI
ON SPOKEN RESPONSES
June 1, 1948

Loudness of Speakinsm: The Effect of Heard Stimuli on Sggﬁen Responses

XJ Summary

A serles of experiments is—in-process—to determiné&characteristics
of voice that affect the vocal patterns of responding listener-speakers,
Summaries of five experiments appear in this report. They treat factors
that alter intensity of voice. The data show thet in repeating messages
that are heard over headsets--except in the instance of very weak signals—
the listener responds with greater intensity as he hears more intense
signals, It {s also demonstrated that vocal loudness is similarly af-
fected when the speaker is answering questions instead of repeating
words. MKoreover, the subjects in the experiments were unable to main-
tain a constant intensity when "saying back" words that were heard at
different levels of amplificition,

Two amounts of noise background introduced into the headsets of the
listeners did not significantly differentiate two levels of vocal re~
sponse, Messages spoken by males and females elicited different inten~
sities, the female being responded to the louder. This observation may
be misleadins and arise from non-identical intersity levels in the sti-
mlus materials,

Room iliumination did not affect the intensity with which the 1lis-
teners repeated words, (.)

K
Introduction

One of the attributes of voice that is important in determining the
intelligibility of the speaker, irrespsctive of the spcech situation,
is intensity of the signal. Training literature for instruction in
voice communication in the services acknowledges this fact and advises
the student to speak loudly, for example, "just short of shouting" when
talking over aircraft radio and intervhone., The motivation in thcse in-
structions is merely that the speaker make himself understood. The
possibility ariscs, however, that as an additional consequence of the
loudness of the speaker's voice the listener may correspondingly reply
loudly or softly as thc case mor be, A serics of studies reported hure

examines the effect of the spesker's signal strength upon'the intensity

of the iistener-speaker's responses, Other experimental varisbles in-




n

clude noise background in the listener's headphones, and the sex of the
speaker of the stimulus materials, The problem need not be interpreted
as having implications only in radio-telephony or with communication
over other electrical equipment, Similar psychological factors are
dcubtiess operative in face-to-face communicaticn,

Three cf the experiments are closely related in content and pro-
cedure and cre describad tognther as far as possinle as Experiments 1,
2, and 3 (Furt I). Tw> otherstbat are more encompassinz studies are
troated apsrt from these although in impertant aspects they are similar

to the first three (Part 1I).

i

Part I: Responses to one voice

1, Apparatus cnd general methodology

The general method for the studies was to present recorded stimuli
to experimental subjects individually. The subjects responded orally
and the intensities of the responses were measured, The subjects heard
the materials through headphones and at controlled levels of intensity,

The stimull were of two kinds: words and auestions. The words were
five lists of 12 words from a standard intelli;zibility test. These were
used because list by list they had been equated for intellipgibility
under conditions of noise and low sisfmal-to-noise ratios. The present
studiez did not =mploy noise as a barrier to communic:tion but did have
one stimulus condition that arnroached minimal signal strensth for under-
standing the words, The items were recorded by cne male voice and with
as nearly coqual loutiess 3s the speaker vas able to maintain while meni~
toring his outru' -/ h a vacuum-tube volt=etar courcetad to indicate
the recordin® 1-1 1. lords 1ithin a lish were 1poken et five-second

intervals, Bobweon easch 12-word list a constant 100%-cycle tone

vt
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saunded for 2" scconds and was recorded at a Jevel 20 db below voice
p:tks. Siunilerly, this voice read five 1ists of sentence-questions, At
least thr.e peaks in cach sentence were as intense as the peak values

of the words on thc recording of word lists. The interrogatory sentences
woere scl:cted =nd adanted from low-level intelligence tests and sentence
intelligivilie tusts., Adaptation was to the «xtent that the auesticns
couid be answ rud with obvious onz-word re¢sponses. The arincivle dif-
for.nce otw . the two types of stimgli--other than the duration of each
item--wac tr:t e called for repetitions and the other for the invention
of thc ansiwr by the subject., ''nder cach eircumstance, i.e., words and
sentences, th- subj.cts speke the same word for a given item. (Ex-
ceptions in responscs to qucstions were discarded.) Recordings of the
stimuli wore made with a high fideiity instantancous recorder operating
at 33 r.p.m. Only the outer four inches of a lé-inch recording disc

were used,

The cquipment for presenting the stimuli and measuring the rcsponses'
is diavrammed in Figure 1, A calibrated microphone rechd eight inchcs
in front of the Listencr-spzaker's lips and was attachcd through a cable
to a General Radio Sound Lovel Moter, set to operate with slow meter
rcsponsc. The subjazet sat alone: in a room adjaccnt to the one in which..
an operator-monitor adiustud the phonograph play~back equipment. and read
and rccorded the mcter deficctions of the sound levil meter, The play-
back equipment includcd a high-fidelity pickup and a 25-watt RCA ampli-
ficr connected with the subjects! dynamic, inscert-type headphones through

a calibra*(d at* ruatiag pad.: The luvel ~f nlavback was set by measnring |

the migp o0 4 a0 Sjer with @ Hadeow =& woetum--tube vadte 4,0
during the t 1 .-~ 5 periods when tie ~cnloat one was being re-s -~
produced, h ... . vl at the headphon.s wis adiusted with the at-
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ated by 0, 25’ AS’ 65, and 85 dbo

Five settings were used and th: amplified signals atlenu-

These values were established after

five listeners agreed that the levels appcar=d to divide the range of

loudness at the hcadphones equally,

The lowest level was approximately

minimal for recention of the stimuli (no error oxcept with voiceless

congonants) and the highest level anproached pain at the listener's ears.

Each subject was given two sets of instructions, onc orally and

onv visually prior to listening to th: recordings.

him,

an adjustable headrest,

The operator seatcd

His head was fixcd in position with respect to the microphone by

(From subject to subject thc cperator adjusted

the height of the microphonc sppropriately.) The subject was told:

Do not touch the headset after it has been adjusted,

Do not change position.
ftakc surec you are comfortable before I leave the room,
Say the word that you think you hear,
Talk naturally,
You will hear further instructions through the headphones,
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cz2lly, in th- top “ine of Figure 2.

He faced a poster that read:

The monitor will inform you when this test is completed.
Do not move your head or body.

Keep your eyus open,

Say thc word that you hear,

He heard from the recording:

You will hcar 60 words broken into lists of 12
words ¢ach, The lists are separated by a con-
stant tone like this (tone), All of the words

in the¢ lists are familiar ones, Immediately

upor heAring a word, please say it. ¢ shall

nowr rractice. Remember, as soon as you hear a
word,r.peat it,  "Pad",....."Table”, That's right,
You =7ill now hcar the 69 words,

#hen scntence stimuli were uscd instead of words, appropriate changes

wer: made in oral and written directions, and the subject heard from

the record:

You will heer 60 sentences broken into five
lists of 12 sentcriccs each, Each list is se~
parated from others by a constant tone like
this (tone). Each scntence is in the form of
a question or request and czlls for a simnle,
one-word rasponse. For example, you might haar
"What color is most paper?" You would say
white, Or, "ho was the first Pruosident of
the United States?" You would say aashington,
¢ shall now practice. Remombur, as soon as
you hear a sentvnce give the appropriate cnc-
word anst.r: "Th. first number aftcer .ight is
what?" "t docs a drinking fountnin dis-
p.ns.?" Thot's right., Remembur, mok. a onc-
word resnons< to cich sentence,

The orler of presonting the lists was not varied. Tho order of presente
ing comditions was rotited so that =2ch condition was nresented first

an «qual numbcr of times, The subjects were male college students,

25 for Experiments 1-2 and 16 for Exp.riment 3,

2., Application of th-: muthod, and the n:sults of
axperinents L2

The r.sults of Experiment 1 are cumnirizad in Tible I and, graphi-

In this inst2rce 25 subjeets henpd
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Figure 2. Plots of thc intensity of orel responscs as a function cf the
- strength of voice signal hecard by listener-spcakers,
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five lists of words, one list at cach intensity lovel, The subject made

12 responscs at cach level., The median intensity of the 12 responscs
as indicated by the sound level meter was selected as representative
of the condition for each speaker.®# Each mean in Table I is computed

from 25 medians,

Experiment 1 set the patterrm for the scries of three studies, both

in metheds and results., Successive means of intensity levels of re-

sponscs increased progressively as the stimuli became more intense ex-

cept in the instance of the two softest levels.,

An analysis of varianie was made of the data in each experiment and

F was highly significant in each of the threc studies. This statistic

was computed by dividing intensity-conditions variancc by the remainder

variance., Thin, the significance of the differences between the means

of responscs to successive intensity levels of stimuli was tosted. The

t's, computed from distributions of diffcrences, increased in magni-

tude with increases in the intensity of the stimuli, And, importantly,

increments in volice intunsity in oral resoonses, presumably induced by
the strength of the h:ard signals, wer: disproportion-:tely grester as

the stimuli became very intcnse, Successive differences between the

four mezns that werc significantly differentiated were respectively 1,92,
3.32, and 5.60 db.

The means of the sueCessive responses were tested for linearity.

# This mcasurc was dcemed more typical than thce mean, particularly in
vicw of some of the tuchnical limitations of the equipment when
uscd for this purpose. For example, the Gencral Radio Sound Loevel
Mcter has a range of 120 db, but with a singlc setting of the
szlector knob, only 16 db. Occasionally, for a soft-spokcn or Joud
subject, th. knob was adjusted to an inappropriate scalc at the out-
set and the ncudle either failed to swing or went off. scale., Through
the use of the median as A represoentetive of the 12 items for each
condition cxtreme defluctions of the mcter were utilized most re~

»
liably, and errors due tv technical limitations discarded with mini-
mum loss,




TABLE I

Mean intensity in db (General Radio Sound Level
Meter) of oral responses (repetitions) to five

levels of intensity of stimuli,

words, N, subjects, 25,

Stimulus materials,

a, summary of data

Tntensit - Level of Stimulus

vondition 1 (Minimal loudness
vnderatanding single vords)

Condition - (Condition 1 plus
Condition : (Condition » plus
Condition 4 (Conditisn 3 plus

Condition § (Conditisn [ nlux

for

27 db)
20 db)
20 db)

25 db)

Intensity of response

Magn S.D.

74,02 4,67
73.14 3.73
75,06 3.41
72.38 4.40

83,98 Le95

b, analysic of variunce

Source of v=priztion d.f. S of seuires  Variance
Intensity conditions (i) A 2011,01 502.75

Subjects (s) 2h 1¢12,05

Rema‘nder (ixs) 9 L57,99 LT3

Totals 124 L222,05

Fy ¥3/Viyxs = 502.75/4,72 = 105,1¢

.
e Ry .
-e Q.TVaGr.

7

(1%, 4.81: &4 2nd 36 d.1,)

s of means

t's, from distriovedions i differences
t, condition ! 2nd cndition 2
t, cordition 2 and condlition 3
t, co>dition 3 and condition 4
t, condition & and cerdition §

(lz, 2,79 5’35’ 00 24 dol.o)

1,51
4,04
6.14
9.31




The F-gnalysis for linearity is summarized in Table II. F was highly signi-

cant and thus the probability of linearity was not established, The pos-
sibility is self evident in viewing the curves in Figure 2 that different
phenomena may occur as subjects respond to stimuli of different intensi-
ties. For example, in response to low-level signals the tendency is not
to increase response level as signal level is raised. This.is a conser-
vative summary in view of the direction of the three curves between condi-
tions 1-2 (-85 and -60 db). Measurements employing more carefully deter—
mined threshold values and less gross increments in signal intensity may
establish 2z significant decrement in response level with increases in in-
tensity of signal near the threshold of hearing, Above the 60 db level,
the means of resnonses increased as the intensity of the stimuli was
raised, The possibility of a dichotomous population of means prompted

a test of linearity for the means of the resnonses to the four highest
intensities, This analysis in summurized in Table IIy, F exceeded the

5% level of confidence, discounting the probability that this stimulus-
response regression vas linear,

Table III summarizes the intensity of tie subjects' one-word responses
to the five intensity levels with which they heard the guestions (Experi-
ment 2). The means of the responsec are plotted as the middle line in
Figure 2, Amplification of the signnl was the same in reproducing the
sentencesas in reproducing words, and the same subjects listened and
spoke in both exneriments., It is difficult to cuantify the over-all in-
tensity of the stimulus sentences, It will'be remembered, however, that
each sentence, had at least three peaks that were as intense as the peak
value of the corresponding word item in Experiment 1. Moreover, in re-
cording the sentences precaution had been taken to minimize variations

in voice loudness, The respuctive means of the responses to the suc-

-

-3
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TABLE 1II

Ansalysis of variance: test for linearity
of regression of mean responscs in Experi-
ment 1,

a, five means from Table Ia

Source of variation d.f, Suri .f squares Variance
Intensity condition (i) 4 2771,01%

Due to linearity 1l 1553,07

Departuré from linearity (d) 3 357,94 119,31
(subtrast)

Fo Va/Vige = 119.31/4,78% = 24,96 (1%, 3.98; 7 2nd 96 d.f.)

b, four means (2~5) from Table Ia

Source of variition dere . Sum of squares Variance
Intensity conditions (i) 3 1691.2

Subjects (s) 2, 1354.04

Remainder (ixs) 72 378,76 5.26
Totals 99 3424.04

Source of variation d,f, Sum of squares Variance
Intensity conditions (i) 3 1691.24

Due to linearity 1 1640.73

Departure from linearity (d) 2 50,51 25,255

(subtract)

F, Vd/Vixs = 25.25%/5.26 = 4,80 (1%, @.92; 5%, 3.13; 2 and 72 d.f.)

# From Table 1lb,
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cessive intensity levels of the sentence-stimuli appecr as:the’second item
in each of the following pairs, the first item being the corresponding -

mean response in Experiment 1 (standard devi-tions, in parentheses):

Experiment 1 Experiment 2

Conditions 1 74,02 (4.67) 71,26  (L.6L)
2 73.14 (3.73) 70.94  (4.43)

3 75.06 (3.41) 73.25 (4.29)

L 78,33 (4,40) 75.78  (4.95)

5 23.98 (4.95) 8l.14 (5.71)

Obviously, the general pattcren of tﬁe resnonses in this studr is similar
to that in Experiment 1, This is zlso apparent from 2 comparison of the
two relevent respons. lines in Figure 2, The difference between the
mean responses to the least intunse oucstions (Conditions 1-2) was not
significint. (Likewise these conditions wer: not significantly different
in Experiment 1.) All other me2ns of responscs to successive stimilus.
treatmuntsw-re hizhly siznificantly difrerentiatcd from each other, ex= .
ceading the 19 l:ovel »f confidence in both exparim.nts, |
The eomprrigen of the mann resyoascs in ropewting singls words .and )
in giving sno-vord raswars to questions is interssting, The means were i
a proxins tely 2-3 db lower wh.on the subjeets inwvented the anéwars than
vhen ther said-back th. words, In order to test the relstionshipns of the
data of Fxpurim.nts 1-2 th. rusults were considercd tol.thir and a single
an2lvs®s of v-riznee applicd to the arravs of data, A summary of the
analysis of variance appears in Table IV. The ratio of the interaction

variance for "inteasity u.d conditiona" (ixc) and for "inténsi§7,condi-

tions, 3ud suvjects" (ixexs) wis not significantly different,. This

sustifies the assumption thnt the two arrays of data are the "same"

in that they represent : 3ingle trend (not necessarily zero: dif ference),




TABLE III

Mean intensitr in db (General Radio Sound
Level Meter) of oral responses \answers to
questions) to five levcls of intensity of
stimuli, Stimulus materials, scnvence-
questions, N, subjects, 25,

12

a, summary of data

Intensity of respoise

Intensity Level of Stimulus Mean S.D.
Condition 1 (Minimal loudness for

understanding single words) 71,26 L,6L
Condition 2 (Condition 1 plus 29 db) 70.94 Lo43
Condition 3 (Condition 2 plus 20 db) 73.26 4.29
Condition 4 (Condition 3 plus 20 db) 75.78 4,95
Condition § (Condition 4 plus 25 db) 81,14 5.71

b. analysis of variance

Source of variation d.f. Sum of squares
Intensitv conditions (i) IA 1760.25
Subjects (s) 2 2434453
Remainder ‘sxi) 96 487.55
Totals 124 4L682,.93

Variance

440.21
101,44
5.08

&

Fy Vi/Vgys = 440.21/5,08 = 86,67 (1%, 3,515 4 and 96 d.f.)

¢, comparison of means

t's, from distributions of differences
t, condition 1 and condition 2 .18
%, condition 2 and condition 3 5.27
t, condition 3 and condition 4 5.01
t, condition 4 and condition 5  11.36

(1%, 2,79; 5%, °.06; 24 d.f.)

[N
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There being no over-all interaction for the two components under test in
the analysis, intensity and conditions (irords-sentonces), each was com-
pared with the approprinte first-order interaction variance, rcspectively

"intonsity and subjects" and "conditions and subjicets." Significance of

the main effects, establishced in Tablés I-II, was thus corroborated:
F (intensity), 140.25 (1%, 3.51; 4 and 96 d.f.). liowever, the point
of the analysis rested upon testing the hypothesis that no real dif-
ference cxisted betwesn the means of the responses to words and questions.
This was tosted by the ritio Vo/Voys with the resulting F, 17.74. This
v2lue being highly significznt (1%, 7.82), the hypothesis was rejected
and the probable independence of the two conditions established, This
analysis did not show thit cnch pair of means for» the two conditions was
. dissimilar. The t's were computed (bzsed upon distributions of differ-
ences) between corrsponding paire of word and scntence means at each
level of intensity:
Condition 1 2,82
Condition 2 3.06
Condition 3 3.27
Condition 4 3.81
Condition 5 3.98
Since linearity of thoe means in Experiment 1 was not cstablished
and sincc the means of the two experiments were found to be the same in
t}end, a test for lincarity of the five conditions in Experiment 2 was
not indicated., A tcst for linearity of regression was made, however, for
Conditions 2-5, This, summarized in Table V, resulted in F, 3.45, ex~
ceeding significance and making lincarity among these conditions impro-
bable,

Clearly, (1) whethcr repeating words or answering questions, sub-

Jects rosponded with incrcased intensity to more intonsc stimuli;




1
7 TABLE _IV
.'“u.*-'“.-_Anaii;iQ’sf v;ri;hce.ofdpooled data of Experiments 1-2,

“Source. of variation d.f, Sum of squares Variance
Intensity (1) L 3044 926,19
‘Condition, i.e., words-sentences (c) 1 372.10 372.10
Subjects 2l '3691.,70

ixe ‘0 9 . NN 2. 3 6
.ixs 96 633.96 .6,61
cxs 2 503.20 20,97
ixcxs 96 370,26 3.86
Totals i 249 9285.40

Fs Vixe/Vigexs = 2:36/3.86 = less than unity

F’ vi/vm = 926.19/6.61 = 1‘00025 (lz, 3.51: 4 and 96 dofo)
F, vc/gcxs = 372,10/20.97 = 17,74 (1%, 7.82: 1 and 2i d.f.)

(2) the mean speaking performances represented br the upper two lines of
Figure 1 were different from each other in intensity at each of the
five comparison levels, although (3) the trends of thz mean responses to
the two conditions, words and sentences, were the same.

In subsequent interviews, subjects were confident that they had
not deliberately imitated the loudness of the stimuli when they made their
responses in Experiments 1-2. To test whether the factors that led to
an increase in intensity of respcase in keeping with greater intensity
of the stimulus were beyond the voluntary control of the subject, a third
study, similar in plan to the ones thuat have been described, was conducted,
Sixteen subjects were told:
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"Earlier in taking this tcst you or your fellow - S ~’“~'i; B
students spoke softly whon the volume from the re- R

cord was low, and loudly whon it was tured up.
We want to know whether it is possible for you
to spcak with the same loudness irrespective

of what you hear, Vhatever you hear from the
record, do not change your loudness."

Othcrwise the study was the same &8s Experiment 1 and the stimulus matér-°. -
jals identical, Of the 16 subjects six had taken part in Experiments
1-2, An analysis of variance was made to find whother the expericneced

and naive subjects constitutcd a single population. The relevant F

(groups/intcraction) appears in Table VII, a footnotc to Table VI,

TABLE V

Analysis of variance: test for linearity
of regression of mean responses for Condi-
tions 2-5 in Expecriment 2,

Source of varistion d.f, Sum of squares Variance
Intensity (1) 3 1437.64

Subjecets (s) pIN 2002,66

Remainder (ixs) 72 380,86 5.29
Totals 99 3821,16

Source of variation d.f, Spm of squares Vgriance
Intensity (i) 3 1437.64

Due to lincarity 1 1401,19

Departure from linearity (d) 2 3645 18,225

(subtract)

Fy Vg/Vigs ® 18.225/5.290 = 3.45 (1%, 4,92; 5%, 3.13; 2 and 12 duf,)

TR T
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and indicates that the cxpori.néod and in-experienced subjects consti-~
tuted & single population, P, .2.57 (5%, 7.71; 1 and 4 d.f,). Table VI
anllarisea'thn.rooulto,.and the bottom line of FPigure 2 shows them in
relstion to the results of Experiments 1-2. The moan responses to the
five conditions of intensity follow as the second itaa in each pair, The
first item is the corresponding mean from Bxperimont 1 (standard devia-

tions, in parentheses):

Experiment 1 Experiment 3
Condition 1 - 74,02 (4.67). 71,25 . (6.11).
Condition 2 7.1 . (3.73) 70.56  (6.39).
Conditicn 3 75,06  (3.41) . 71.31  (5.68) .
Condition 4 78.38 . (4.40) 72,25 . (5.76) .
Condition 5 83.98 (4.95). 75.56 (5.49) .

In other words, a tendency to talk with gleater intensity in keeping
with increased intensity of stimuli persisted in spite of the subjects!'
cfforts to talk with a single or cunstant level. Under thesc circum—
stances, the subjects were successful in maintaining constant intensity
only when responding to weak or medium-strength signals., Differences
between successive means for the first four conditions wercu not signi-
ficant. However, diffecrences between Conditions 2-L were significant
and between Conditions 4~5, highly significant.

Also, when the results “rom the 16 subjccts of this experiment are
compared with previous group-responses to the same stimuli (words), it
is noted that the listener-spcakers rcsponded with less intensity when
they attempted to talk with a constant loudness. In response to the
soft stimuli the "controlled" intensities apnroximated the "naturel® re-
sponses to questions--significently lower than "nstural" responses to

words., As the intensity levels of the atimu}i were increased, the
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TABLE VI

Mean intensity of response in

db (General Radio Sound Level

Meter) to five levels of intensity with each subject at-
tempting to maintain a constant level of loudness throughout,
Stimulus materials, words. N, subjects, 16, .

a, summary of data

; Intensity level of stimulus Mean S.D,
“ Condition 1 (Minimal loudness for -

understanding single words) 71.25 6,11

Condition 2 (Condition 1 plus 20 db) 70,56 6.39

Condition 3 §Condition 2 plus 20 db) 71.31 5.68

: Conditicn 4 (Condition 3 plus 20 db) 72.25 5.76

- Condition 5 (Condition 4 plus 25 db) 75.56  5.49

b. analysis of variance

Intensity of Response

Source of variation

Intensity condition (i)
Subjects#* (s)

Remainder (ixs)

Totals

d.f Sum of squares Variance

4 250.88 62,72
15 2504.,79

60 275.52 4.59
9 T3031.19

Fy Vi/Vieq ® 62.72/4.59 = 13.66 (1%, 3.65: 4 and 60 d.f.)

to find whether the exnerienced
a single population,

# 8Six of the subjects served in Experiments 1-2. An analysis was made

and inexperienced subjects represented

: TABLE VII

Analysis of variancet

unequal sub-samples of

% subiects (experienced and non-experienced),

Source of variation

e

v

Intensity conditions (i)
Groups (g)

Interaction (ixg)

Within subjects

Totals

F’ VG/VixG - 20.02/7080 = 2.57

% \
b | Mgy
Phina e Wy

e, T
O R

i
x4

Bt
e
v
%
w

i :I’Nﬁ'

d.f. Sum of squares Variance
4 250,88
1l 20,02 : 20,02
4 31.19 7.80

70 2729,10

9 3031.19

(5%, 7.71; 1 and 4 d.f,) .
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&, _comparison of means
L's, from distributions of differences

t, condition 1 and condition 2 1,06
t, condition 2 and condition 3 . 1.25
t, condition 2 and condition 4 . 2.48
t, condition 3 and condition 4 1,97
t, condition 4 and condition §  4.54

disparity between the intensities of "controlled” and "natural" responses
increased.

An earlier analysis established that the means of Experiments 1-2
were the same in trend although different in values, A simil~r com-
parison was made between Experiments 2-3. The results appear in Table
VIII. The ratio betweer the interaction variance, and the error variance

[Ebtal sums of squares of the two experiments/(Nexp.lfNexp.2-2)(k-li]

exceeds significance and indicated that the two lower curves in Figure 2
represent different populations of means.
TABLE VIII

Analysis of variance: data of Experiments 2-3 pooled
(uncqual sub~-samples)

Source of variation . .def, Sum of squares | Variance
Intensity (1) IA 1803,73
Experiments (e) 1 255,47
Remainder (ixe) A 207.99 52,00
Subjects 195 5702,40
Totals 20k 7969.59

F) Vixe/VQrwrﬂ» = 52.00/6.79.- 7066
(1%, 3.44: 4 and 156 d.f,)

# See text

v e .




The findings of these three studies include the tendency of the sub- -
jects to talk with different intensities in kéeping with .the level of .
intensity of heard stimulus materials, The trends in this regard-were
the same whether the materials were words that were to be repeated or
questions to be answered by the subjects. Repeated words were spoken
more intensely than werc answers to questions heard under the same condi-
tions, Finally, it was not possible for the subjects to "say back" words

at a single level of intensity when they were heard at different levels,

Part II: Responses to dif ferent voices

1, Apparatus and general methodology

Two experiments were conducted largely in the manner of the fore-
going ones except that the stimulus words were recorded by six voices,
threc male and three female,

Experiment 4 was designed to discover whether intensity of orel re-
sponse varied as a consequence (1) of hearing male and female voices and _ S
(2) individuals of the same sex speak the stimuli that were to be repeated;
and (3) whether loudness of response was affected by hearing and speaking " s
in a room that was systematically varied among bright-dim-dark degrees of F
illumination, Thirty male college students served as subjects. .The . .
equipment was the same as used in Experiments 1-3 (Pigure 1) with the ad~ .
dition of a multiple light-switch, . ' T "{

Experiment 5 introduced as additional variables two levels of noise - * S
background into the headsets of the subjects, and continued the qcapgri- «
sons betweer. responses to male and female voices and to two levels of in-"’ e
tensit of signal, The. study was designed in a fictorhl manner, - Three P ) -:L
pairs of experimeastal variables were counterbalanced in the pre’sentations_: S L
high-low signa! level (28-9 WJ, high-low noise level (5ande8 W) ami malew
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Figurc 3, Block diagram of cquipmcnt for Exporim:nt
5. Dovice 8-l is a combination noise genura-
tor and int.rcommunic.tion systum with con-
vention~l microphone inputs -nd phone-
speaker output taps, Intornally aon-ratced
nois- can be fud to output lincs,

fumale voices, Each subject heard eight lists of words, Twenty-four mid-
shipmen acted as subjcets,

Figurc 3 shows 2 diarram of the cquipment for Expuriment 5, As in the
experiments described in Part 1, a microphone was placed cight inches in front
of the subject's lips; rsndings were from a General Radio Sound Level Meters
and the modian of 12 rosponscs wns taken as representative of a condition.¥

Again the stimulus mitcrials were lists of words, 12 per list. The
readers of the lists monitorud their intensity with a voltmeter. TwO ru-

cordings werc made simultancously, onc for use in o~ch experiment,

# A second microphon:c was placcd dAirectlvy beside the General Radio micro-~
phone, This led to a W meter, #nd nemmittcd the accumulation of two
scts of data, and the chceking of one against the other, Both groups
of data were analyzed with identical results with respect to significant
differences,
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Two features of the stimuli became important in the interpretation
of the results, The first affects both Experiments 4-5. An analysis
of the intensity levels of the stimuli revealed that significant differ-
ences occurred among the mean intensities of the six speakers., The in-
tensity values were obtained by connecting a General Radio Output Meter
in the subjects' headphone circuit and reading the peak power values (db)
of the stimulus words, This check was repeated four times and the mean
of the four readings was used for each item., The results of an analysis
of variance among the six lists of stimuli appear in Table IX, Obviously
the voices were dissimilar (F,11,60; 1%, 3.37). The six voices, however,
fell into three pairs (male-female) within which no significant differences
occurred, and the means for total male and total female voices were not
significantly different,

TABLE IX
Analysis of intensities of six lists of stimuli .

used in Experiments 4~5 as spoken by six volces.
three male and three female,

a, Relative differences in mean intensit
among the recorded voices in db, (Order

as_heard by sublects),

\!ale1 Female1 l!ale2 Female2 Male3 J-‘emale3
0 -3 -3 . -1 +1 41
b, analysis of variance
Source of variation .9;2; - Sum of squares Varience
Speakers (s) 5 208,34 41,67
Items (1) 11 93.58
Renainder (sxi) 55 197.57 3.59
Totals 71 “499.487

F’ Vs/sti = ‘41.67/3059 - 11000 (1” 3037; 5 and 55 dOfO)




conditions cqualled in mignitude the triple-interaction variance,

Total male-fomale, t = ,47 (5%, 1.96; 70 4.f.)
Male 1-Female 2:.t, 1.35 (5%, 2,07; 22 4.£.) . .

Male 2-Femele 1: t, .35 (5%, 2.07; 22 d.f.)
Male 3-Female 3: t, 1.07 (5%, 2.07; 22 d.f.)
Likewise it was possible to pair the six voices to establish camparisons
of responses to unequal intensities within male-female peirs. (More in-
tense member of the pair, underlined.) . , !
Male 1-Femalc 1: t, 3.17 (1%, 2.81: 58, 2.07; 22.d.f.)
Male 2-Female 3: t, 4.92 (1%, 2.81; 5%, 2,07; 22 .d.f,)
Male 3-Female 2: t, 2,70 (1%, 2,81; 5%, 2,07; 22 d.f.)

The second unusual aspect in the present:tion of the stimuli occurred
in Rxperiment 5 in which eight conditions were compared from a stimulus
recording that contained only six voices and word lists, Thus for ecach
subject the first and last of the four experimental conditions were
tested with the same stimulus 1lists and voices. For the 24 subjects,
cach pair of male and female voices wac included in these comparable pre~
sentations ecight times and in the orders ab ~nd La four times each.

Both anomalies in stimulus m~terials led tc indicative results without

scriously affecting the primary comparisons,

2. Results
The basic results of Experim.nt 4 appear in Toble X, Thrce facts
are apparent: large subject varinbility, -n appsrrently significent
difference between the résponses to malc and femal: voices, nnd the lack
of a significant difference corresponding with varied conditions of il-
luminztion, Apparcntly, under the cxperimcntal <.rcumstances subjects
responded equally loudly in the bright, dim, and dark environments.

Neither the interaction variance (1xs) nor the variance for light-

. R oo
N 2, ‘E.g\vr W




oK L

TABLE X

Oral responses (repctitions) to word-lists spoken
b; six voices and heard in varying conditions of

room illumin-tion,

N, subjects, 30,

23

a, MYean intensity (db from General

Rrdio sound Level Heter)

Stimulus conditions

Light:
Bright
Half-light

Dark

Over-all mean

fean S.D.,
77.03 4,61
77.17 4,29
77.10 L.48
77.10

Female
Mean S.D.
77.83 4,99
77.90 4,50
77.50 4.43
7.7

Analysis of variance

Source of variation

Light (1)
Sex (s)
Subjects (su)
1xs

1xsu

sxsu

1xsxgu

Totals

d.f. Sum_of squares
2 1.65
1 18,69
29 3343.91
2 1.38
58 26,36
29 65.64
58 105,29
179 3752.91

Fs Vax1/Vaxixsu = <69/1.82 = less than unity.

P, s/sxsu = 18,69/2,26 = 8,25

(15. 7060’ land 29 doto)

Over-all Mean

77.43
77.53
77.30

T7.42

Variance

.82
18,69

.69
3.73
2,26
1.82

The apparent significance of the differences in responding to dif-

ferent sexes, however, is more difficult to-lllill. ‘The F-ratio,
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sxl/1xsxsu was somewhat less than significant. Presumably there was no

AT ERE e AN RPN I

over=all sex-light interaction. This justified testing the significance

of sex against the interaction, sxsu, and the resulting F was highly

significant. There remains, however, the problem posed by the fact that ;
the six stimulus voices were significantly dissimilar in intensity. Since :
Experiments 1-3 established a positive rel-tionship between intensity of é
respense and gross changes in intensity of stimulus, the significant F é

in this comparison could result from different intensity levels of stimu- E

FIE AR

lus volces provided this stimulus-responses relationship is valid for

small diffe:gqces in stimulus le§els.

(R T,

The tentative conclusion is advanced, however, that the subiects did
respond disproportionately more intensely to the fecmale than to the male

voices apart from reactions to mean intensities of stimuli. An analysis

N 1t N L | i \‘ 3 s
[SE RS BT TA U NN NS

was made of the responses of cach subject to the 72 individual stimuli,

It will be remanbcred that the stimulus voices could be paired (male-

PRTI & R TR

female) in combinations in which the members were not significantly dif-

R RFS A

ferent in mean intensity, and that each voice was represcnted by 12 items,
For the prcsent analysis, the stimulus items for these voices were paired

in such manner that the fumale voice was the more intense in half of the

, RIS U IR DT F
AT TR S AL R L

pairs, i.2., six of th. l«, Responses to paired items woere checked with
the eriteria "femalie more intunse® and "female not more intunse," Chi-
squar: vas conputed for ezch subjeet and the 30 individual resnlis sunm=ted.
The rocults app.ar in Table XI, First, the total chi-square was highly

significant. Sccond, chi-squar.: for thc polled data was highly significant,

M
1
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Third, the intcrection or hceturogeneity chi-snquare was non-signiricant,

In keeping with this frct, 26 of th 30 subiccts, in a majority of instances.

Tianbesial

h

k
ot

responded morc intenscly teo the "female membors® of the paired itums,

fiduad

.
',

A second observation: thc subi.cts heard tihe sexes alternstolve-nal.,

female, ctc, Each femalc voice was rusponded
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to with greater intcnsity than the preceding male voice: 0, .8: 0, .6;

0, .5 db (only the diffcrence in the first pair, significant). In the sti-

muli only the second pair of speakers had a compareble relationship, and

in the first pair the male voice was significantly more intensc thon the

female. Also in the stimuli, Female 1 was not significantly different in
intensity from Male 2. The subjects, however, responded significantly

more intensely to the female voice.

The possibility arises thé¢t subjects respond more intensely to voices

of higher pitch--at least when higher-lower voices arc heard alternately. .

Earlier expcriments of this type hrve shown th-t subjects' responses
to onc male voice vary in intensity as a function of varying the amplifi-
cation of the stimuli in 20-25 4t steps. Similurly in this experiment
with the means of the stimuli from threc male voices varying 3-4 db, the
means of the intensity of the responses varicd significantly#.

Stimulus (mcan) ¢ Response (mcan) t (diff,)
Male)-Mclem 3 db 3,15 (18, 2.81)  Mlcy-ifole,= 1db 3,32 (1%, 2,76)

Male -Mrleqm 4 db 4,41 (1%, 2.81) Male,Hale,= 1.5 db 2.86 (1%, 2.76)

Halcl-ﬁale3n l1db .24 (5%, 2.97) Mnlel~ HﬁlGB: .4 db .87 (5%, 2.05)

This relationship w2s not present between the rel-tive intensity of
the stimuli of the femrle voices ~nd the means of the responses. An ana-
lysis of vazriance testing the hypothesis that 2 curve of over-all re-
sonse menns (intensity) followed th: prtturn of the stimulus mcans re~

sulted in a highly significant F, making the hypothusis improbable,

# Thc mecans of intensity of responses to th: six voices (in order of
present~tion) were: 77.5, 78.3, 76.4, 77.0, 77.4, and 77.9 db, An
analysis of voriance of the rusnonszes to the differint v.ices
(Vsm-akerS/Vglﬁakers x gubjcets) rosulted in @ significant F, 5.59
(1%, 3.145 5 end 145 d.f.).
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TABLE

Summary of the frequency with which male
subjects repested either male or femle
signals more intuensely when the signals
had bien paired equally betwucn "female
more intense" and "famle not more in-
tense." Method: ~dquare for indivi-
duals and for t&gcta..

chi—ggare
9%.43 (1%, 50.89) .

60.27 (1%, 6.64)

b
.16 05, 49.59)

" Individual chi-squares (addéaR
Pooled

3 | - 8 E:

Interaction (subtract)

Table XII surm-rizes the results of Experiment $--the factorinl
treatment of the effects upon intensity of orsl response of sex., noise-
' b.acklground nd signal-level voriations in the stimulus conditions., Since
all of the inter~ction vclues (vericnce) in T:zble XIIb were small they
were combined 2s shown in Taoble XIIc with the possibility of using the
cambin-tion value as the error term, _The heterogeneit:: among subjects,
however, indic-ted by the l-rge within-group variance mnde it necesstry
to use subjects v-riance as the error tem in the computations of F.
Thus no interaction was signific nt, cnd of the main effects, only dif-
ferences between signal levels r&;sulted in significantly different menn
responses, Th-t the two intensity levels of stimull were respondzd to
differently (the louder the stimulus, the louder the ressonse) is in
keeping with the results of Experiments 1-3.

Within the gross 1imits of this study the sientl-to-noise ratio did
not significantly arfe:t the intensitv of the subjacts' speach, This
ratio, =s well as strength of voice cignni, is crucial in detemmining

intelligibility, By definition, as voice signal is increused with back-
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ground noise constant, the ratio is improved. Apparently, within a non-
critical range, only the strength of the signal, not the émount of back-
ground noise, affects significantly the loudness with which a listener re-
sponds to a heard stimulus, Relevant to this, although the ratios were »

marksdly different in these comparisons, the signal was always clea&iy

-

understandable above background noise,
A non~-significant tendency is noted. The only intsraction ;lrianco :
in Table XIIb of disproprtionate magnitude is nl x sl. Testcd~against |
second-order interaction it was not significant., The four means in paren~’
theses in Table XIIa explain this value somewhat. Fram the means it is
observed that responses to low signals were slightly higher when hi&h
noise rather than low noise was in the headphones: and to high signals,
visa versa, ' _
Finally, sex of the speaker which had significantly differentiated
mean responses in Experiment 4 was apparently not rifgnificant in thg‘éiru
cumstances of this study. (A chi-square test similar to the one‘perfbrned
with the data of Experiment 4 was also inconclusive)., However, a ‘separate
analysis of variance was made 9$ the data representing sex, subjects, and

signal level, The fairly uniform S.D.'s (Table XIIa) made it improﬁéble

that subjects variance was unequally distributed among the basic conditions,

The separate analysis is Inconclusive in this regard.

dof.  Variance
Sex (s) 1 10.68
Signal (si) 1 " 1000.55
Subjects (su) 23 95.33
s x si 1 .92
s x su 23 1.78 g
si x su 23 7.88:
s x 31°x su 23 10.55




TABLE XII

The effect upon spoken 1-esponses of stimuli heard from
male and female voices at two levels of loudness and

in the presence of two in~circuit noise levels,
milus materials, words,

Sti-

N, subjects, 2.

28

a, mean intensity in db from General Radio Sound
Tevel Veler. !!alues in _parentheses indicate
S;D,'s for eight

means of adjacent means
basic observations, in bracketef.

High Noise Low Noise
High signal ' _
Nale 7.9 (3.7 75.06  [3.69
(75.17) (75.43)
Female 75,42 [L.43] 75.80 [(3.80
Low signal -
Male 70.66 [(3.38] 70.48 [3.53
(70.85) _ - (70.63)
Female 71.0L  [3.0]] 70.77 i3.93
Noise .
Male 72,79  (72.78) 72,77
Female 73.23  (73.26) 73.29
Over-all (noise) 73.01 73.03
Combined 73,02

b, analysis of variance

Source of variation d.f.
Main effects:
Woise levels (nl) 1
Signal levels (sl) 1
Sex (s) 1
First order interaction:
nl x sl 1l
nl xs l
sl x s 1l
Second order interaction: °
nl x sl xs 1l
Mthin groups (subjects) 184
Totals 191

Over-all
Signal  (Signal) (Combined
74499
T 75.30
75.61 -
73.02
70.57
70.74
70.90
Sum of squares  Varianc:
.02 .02
1000, 55 1000. 55
10.63 10,62
3.03 3.03
.06 .06
.93 23
.25 .25
265408 1442

366,60
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¢, _summary of analysis

(with interactions combined)
Source of variation d.f, Sum of squares Varjance

Noise levels (nl) 1 .02 .02
Signal levels (sl) 1 1000,55 1000,55 -
Sex (s) 1 10,68 10,68
Interaction (i) 4 427 - 1,07
Subjects (su) 184 2654,08 - 1442
Totals 191 3669,60

Fy Vg1/Vg,=1000.55/14.42 = 69,39 - (1%, 6.78; 1 and 184 d.f.)

From the values shown nere there was obviously no significant inter—

action in the ratio s x si/s x si x su, This permitted testing s/s x =u

in which instance F, 6,00, was significant (5%, 4.28). One further detail
indicates the advisability of conservatism in the interpretation of this
result (or the comparable value that would be obtained fram the data of
Table XIIc through using the combined interaction value as zn error term),
An anomalous feature in the comparison of the effects of male-female voices
upon intensity was in combination with a possible order effect, As ex~
plained above the two final conditions for each subject, Ccnd*tions 7-3.
involved his hciring the same recordings that he heard Ia Condition l-z.
Voices, orders, and experimental variables were equally renresented in
these conditions. There was no consistent differences retween intansity
of responses to male-female voices in Conditioms1-2, However, when the
same stimuli occurred in Coiditions 7-8, the female voice elicited highly

significantly greater mean intensities of response. )

. Summar
Two experiments measured and compared the intensities of oral re-

sponses to heard stimul® that represented different voices, In both in~
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stances, the subjects tended to respond disproportionately loudly to female
vcices, although a final generalization about this awaits more exhaustive !
experiment.ation, This will have to consider the poscibility that heard
pitch affects a listener-speaker's loudness in repeating messages, The
intensity with which subjects repeated heard words was not affected by the
amount of light in the room in which each listencr-speaker sat. In con-
formance with other studies, the subjects responded with more intensity
when they heard intense stimuli than when they heard soft ones. Finally,
the level of background noise—within the limits investigated--4id not *
affect the speaker's responses to heard stimuli. The possibility remains,
of course, that were the background noise And the voice signal of about

the same intensity, the voice of the listener-spezker might be affected.

Part IT1: Int.rrelations in voics

that affect intensity

An earlier report from this laboratory described the effcets of heard
stimuli upon the ratce of spoken responses.® In the three experiments re-
ported there a methodology similar to the ones of this report was employed,
Subjects heard stinull of different rates and repeated the messages na-
turally. The respensss were recorded on a Graphic Power Lev:l recorder
and the temporal crnaracteristics of the stimuli and responses were compared
as measured. The graphic record contained a vertical dimension projportional
to intensity and a linear one representing duration., Furthemmore, the
24 subjects read and recorded a 1list of nhrases similar to the ones used
as stimulus materials (5-syllable phrases)—this immediately prior to

hearing and repeating five lists of messages, A study of three experiments

# Lightfoot, Charles, Ratec of Speakin Rela*ionshig between Ori-
ginel and Repeated Phr Phyo s ses, Report ,'14T‘1 for U.S.N., Special
Devices Center,
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and the ones summerized in this report give some indications-of'variibléat:

v o ve— -

other than the experimental ones that appsrently affect vocal ‘intensity.

Five arec discusscd briefly in the following paragraphs. All relaté to a

study of rate that was designated in the report as one-voice progressive,

1. An effect of order upor intensity
Twenty~-five subjects heard five groups of phrases, twelve 57sy11able

phrascs per list, The order of presentations was rotated so that each
list was heard firsi: second, etc, fivé times, All of the phrases within
a list represented the same duration, fivec rates among the five iists.

An analysis was made of the intensities of the responses to the first
list, second list, e¢tc,, the chronological order for each subject., The
summary anpears in Table XIII., It is apparent from a revicw of the suc~
cessive means, Conditionc 1~5, that thu subjects became progressively less‘
intense¢ from list to list, Thc analysis of variance indicates that not
all of the means are of the same populétion; and a compariscn of the suc~
cessive conditions revcals two successive pairs of mesns as wcll as some -
non-adiacent onecs as significantly differcntioted in intcnsity,

Another experimont »Hrovided materials that could be readily analyzed

in this manner——Experiment L of this report. The elfect was not present,

Important differences between thc two experiments included subjects (mid-
shipmen vs, college studeﬁts), varicty in experimental conditions (one

voice with rate as a variable vs, six voices with room illumination changingz
and type of mcter (Graphic Level recorder vs. General Radio Sound Level.
‘Mcter). One other instanc. of 2 possible order offcct was cxplained in
conjunction with Expuriment 5, Pairs of male~femal. voices were responded |
to alik: (in int.nsity) *hen the volces were the first two of eight »

conditions and significurdly difrercntly whan the same voices were the
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final pair in tr: s.rics of conditions, irrespecctive of order or experi~
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TABLE XIII

Intensities in db of oral responses (repetitions) in five
successive response conditions {lists of 5-syllable phrases),

N, subjccts, 25, Experimental variable, ratc,

a4, mean intensiigﬁof response:

{db irom GraphiC Lcvel Recorder)
Rates of heard phrases Mean (db) S.D.
Condition 1 (fast) 23,1 5.30
Condition 2 22,5 5.03
Condition 3 22,3 5429
Condition 4 21,6 486
Condition 5 (slow) 21.3 5.19

b. analysis of variance

Source of variation d.f, Sum of squares Variance
Intensity (i) X 50,39. . . 12,60
Subjects (s) 24 3153.78

Remeinder (ixs) 9 143.42 149
Totals 124 3347.59

Fy Vi/Vixg = 12.60/1.49 = 3.48 (1%, 3.51; 4 and 96 d.f.)

c. comparison of means

t's, distributions of differences

Condition 1 vs, condition 2
Condition 2 vs. condition 3
Condition 1 vs, conditicn 3
Condition 3 vs. condition 4
Condition 4 vs, condition 5
Condition 3 vs, condition 5

(15, ?0793 5‘9 2,075 24 d.f.)

2.39
1,04
2,22
2,59 .
675
3.11

mental variable,

No generaligation can be drewn from these instances, The'importance

of including order in counterbalancing stimulus conditions in experiments

32

>




,\
i E

¥

» > N | N
T ~ y Vo ety
SRR IIRVE SRS IR BRI

B

33

such as the ones reported here is indicated. (Note: When the data repre-
scnted in Table XIII werc aligned in keeping with the variables under test,
.no significant differcnces occurred in intensity from condition to condi-

tionc)

2. Relationship botween intensity
in reading and in repeating phrases,

In the experiment referred to in the preceding section, the subjects

read one list of 12 phrasus beforc hearing and repeating the 60 stimuli of
the experiment proper. Recad phrases wer; rccorded in the same manner as
the others. An analysis was made of the intensities of each subject in
re~ding and repcating. The mean intensities of th: 12 subjects who were
most intense while readin:s were compared () with the mean intensitics of
the total populstion of subjccts while repeating heard stimuli, Table XIV
includes the means under comparison and the t's batween the partial and
total group for the five conditions (listening-to and repeating phrases of
different rates,)

In four of the five circumstances the m:mbers of the selected group
were significantly mor: intense in "saying back" phrases than was the group
as a whole,

Under these conditions the intensity of spcech while recading was ap-
parently a reliable index for detemining a sepsrate population in terms

of the intensity with which the subjects repeated phrases,

3, Relationship between rate in
reading and intonsity in repeating
phreses,
Continuing with further measurements, inciduntal to the experiment re-

ferred to immediately *bove, the 12 fastest of the 25 readers were con-

siderod apart from the :ntire population. Comparisons (i) wore made




TABLE XIV

Intensity in db of two groups in repeating iists of
S-syllable phrases, Group l: twenty-five subjects,
Group 2: twelve of the 25 subjects who were more
intense than others in reading phreses immediately
before experimental conditions (conditions: varying
rates of phrases),

\
ag mean intensity of response
( rom graphic level record::)

Rates of heard phrases Group 1 S8.D. Group 2 S,D,

Condition 1 {fast) 21,92 5.1 25.28 3,67
Condition 2 22,16 4.80 25.72 3.36
Condition 3 22,03 5.4 25.75 L.47
Condition &4 22,12 5.50 26,11 3.93
Condition § (slow) 22,48 5.26 ‘26.30 3.96

b, campariscn of means

t, condition 1 1,99
b, condition 2 2,24
t, condition 3 2,09
t, condition 4  2.19
t, condition 5 2,16

(1%, 2.72; 5%, 2.03; 35 d.f.)

between this selected population and the entire group on the basis of the
i;xtonaity with ;vhich each subject repeated the 60 stimulus phrases,

Table XV presents the comparisons, Consistently the means of the "fast"
population were below the general grcfup means in intensity, but never signi-~
ficantly so. The fact that the value of t generally increased from condi-
tion to condition as the subjects heard and repesated slower phrases is
provocative of more detailed studies, Interaction between rate and in-
tensity of speech will be investigated.
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TASLE XV
Intensity in db of 25 unselected subjects while o
repeating 5-syllable phrases and 12 of the group N '
who were distinguished throygh having read one - : ,
list of ohreases prior to the expsrimsnt faster ° N
than the remaining 13, . (Conditions, varying . e
rates of phrases), : .
8. mean intenstt r of response
(db from graphic level recorcar) g
Rates of heard phreses 25 subjects S.D, 12 "fagtest" §,D.
Condition 1 (fast) 2,90 511 19,98 . 4.77.
Condition 2 2716 4,60 19,76 .3.92
Condition 3 2,03 5.1 19.3  2.92
Condition 4 22,12 5,50 19,27  4.22
Condition 5 (slw) 22,48 5,26 19.49  3.57
n comparison of means
S 4, conditionl 1,08 )
by cordition 2 1.46
t, condition 3 1,62 -
t, condition 4 1.54
: t, comdition 5 1.73

(57, 2.Q03; 35 d.f.)

a,_ Ftlect of duration of stimalus on
. ‘inte-‘.,-t/ of _response i' repeated pn: asE'L .

The possibility that n=turei rate of oral recding may affect intensity
of repetitions of heard stimuli and the fact that rate of saying such re~
petitions has been found to be affected by the rate of stimulus phrese
led to the possibility thet intensity of response might be affected by tho
rate of the stimulus phrase, The same data that were analysed for the’ pro-
ceding paragraphs weres studied from this poirt of view, The atimli b

J
presented five retes of speaking ranging from approximately 67 to 270
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TABLE XVI

Intensity accompanying responses (repetitions) to
. five conditionsof rate, Stimulus materials,
5-syllable phrases. N, subjects, 25,

Vd \

Ao mean intengsity of Pesponse
gdb from g;aehic level recorder}

Rates of heard phrases Mean (db) S.D.

Condition 1 (fast) 21,92 5.11
Conditiop 2 22,16 4,80
Condition 3 22,03 5,14 ’
Condition 4 22,12 . 5.50
Condition 5 (slow) 25.&8 5,26

b. analysis of variance

Source of variation d.f, Sum of squares Variance
Intensity (i) 4 L6 1.12
Subjects (s) 24 3153,78 131,41
Remainder (r) 96 . 179.35 1.87
Totals 124 3337.59

F, Vi/Vp = 1,12/1.87 = less than unity

words per minute. The responses, as shown by the summary of an analysis
of var*anée in Table XVI, were not differentiated by the rate of the sti-

mulus, “Intensity variance was less than error variance,

Relationship between intensity and
rate of response (repeated plirasc
As a final .ncidental comparison between rate and intensity all of

the mean responses fo~ individual subjects to each of the five conditions

of rate (rows) were pooled and assigned arbitrarily to five categories

- e s —




TABLE XVII

Intensity in & accompanying five mean rates
of saying (repeating) S-syllable phrases,
Each mean represents one subject saying 12
phrases, N, means, 125, N, subjects, 25,

a, mean intensity (db from graphic
level recorder

Mean phrase duration N, phrases Mean (db) S.D.
\ Condition 1 (.9 to 1.24 sec,) 25 20.6' 2.99
Condition 2 (1,26 to 1,40 sec,) 21 21,0 5.2
Condition 3 (1.44 to 1,64 sec,) 27 20.9 5.79
Condition 4 (1,66 to 1,98 sec,) .23 22.8 L.79
Condition 5 (2,02 to 3.14 sec,) 23 25.9 4.50

b, shalysis of variance
unequal sub-samples

Source of variation d.f, Sum of squares Variance

Total 124 3337.59

Duration classes () 4 . 473,62 118.41

Individuals (i) (subtract) 120 2863,96 23.87
\;‘ F’ Vd/Vi - 118.h1/23.37 = l$096 (1%) 3-167; I‘ and 120 d'f’)

¢.__comparison of means

t, condition 1 vs, condition 2 33 (57 d.f.)
) t, condition 2 vs, condition 3 .08 (52 d.f.)
t, condition 3 vs. condition 4 1.47 (48 d.f,)
t, condition 4 vs, condition 5 2,1 (44 d.f.)
t, condition 1 vs. condition 5 3.92 (46 d.f,)
t, condition 2 vs, condition 5 3,40 (48 d.f.)
t, condition 3 vs, condition 5 3.20 (46 d.f,)

(1¢, approxim:tely 2,57: 5%, approximately 1,95)
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appro:d.mtoly-oqual groupings, 23 being the lo;st in a class (column) and
‘27 the most, The five classes were: (1) ,9-1,24 sec,, (2) 1,26~1.40 sec.,
(3) 1o4b=1,64 sec., (&) 1,66-1,98 secs, and (5) 2.02-3.14 sec. The mean
intensity accompanying each mean duration was computed and given & tabular
position identical with its comparable rate-mean, An analysis of variance
was made of these data. The results appear in Table XVII. F, 4,96 (from
an analysis of variance for unequal columns) was pighly significant. As
was the case above with respect to another rate-intensity comparison t
increased in magnitude with the slowness of rate, Condition 5 being signi-

;ficantly more intcnse than all others. It should be noted that the distri-
bution of pooled mecans, five per ;zubject, resulted in the subjects being
disproportionatel” reprecsented in the cohditions, The analysis, therefore,
does not segregatc the relationship between rate and intensity for one

voice from that among subjects!' voices,

6. Conclusion
The results of rive~exper1ments thet were designed to find relation-
ships of vocal intensit have been summarized in Parts 1-2, The observa-

- tions in Part III igdicnte some tentativc statements about interrelation-
ships between vocal rete and ix;tensity. Prime rily thoy present hypotheses
to be considered in cxperimental designs in further investigations. Tenta~-
tively it may be assumed that individuals who participate in expcriments
similar to the ones discucscd here may be samewhat biased in vocal inten- ‘
sity in keeping with thelr rate and loudness in reading from the printed
page. Also it is to be expected that vocal rate and intcnsity are somo-

|
what related and that ch’nges in one affuct the othar,

Loudness of voice signal is recognized as a key factor in voice com-
munication. Evidently in the normal two-way communication the effect of
vocal intensity is a reciprocal one, both siding in getting a message -
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across and in eliciting a strong reply. The relative strength of r‘sponsca:

elicited by male and female voices is open to further study. Assuming the .

indications of this report to be true, two possibilities arise: eithéer =~
vocal pitch affects intensity of response or perhaps'-under conditionsof

equated in\%sity, at least in a "say-back" sftuation, the male reponds

with more ?ense voice to the female than to the male,
yo.
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