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Srumery
Four exporiments designed to invoelipate cifects of truining
in pronunciction or :rticulition ure presented.

Rasults indiceie thot treining to prenounce accurntely end
cleerly produces increaged intelligibility.

Instruction o stress finel consonunts rosulted in increased
intelligibility when “he T-17 (hand held) mierophonz <o used, but
not when T-30 (throet) or ANB-M-Cl (rask) microphone wcie used.

No, geins in intelligibility were shown as & rosuct of insiruc-
ticn to stress sibilant sounds.

Training for one hour in clecar pronuncletion affected a cub-
sccuent intelligitility toah, nob only In bhe scores obtcinsd oy
tha spezkere, but in the degree to which words woers eriiculcted,

s deternined by jwlgcs who hosrd phonogr..gh recordina: of teste
givan before and after treining, Loudnoss of soucech sipnel ves
not changed by this *r<iniag.

#These experiments were Lorformed in pert ot Voice Comrmunicrtion
Lboratory, Viico AAl' nd in pzrt at Goodf:ilow AAT ir conjunction
with the ground schocl cource in voice communicitlon, iijor H. D.
Rensier, Direetor, and Lt. R. P. Swoeunrt, instructor in vbergc.
‘ RESTRICTED
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EFFRECTS OF TEAIVING IL ARTICULLTION

J. Iuntroduciion

Slnce the difference butveen one wora onu cnoiher i often r
difTerence of ¢ cingle sound, it iz obvious thit slovenly pronuncie-
tion of words ma. vesult In lowered intelllgibilityr, The crucisl
queation for Army Air Forees voice comnrunication treining, howevar,
is whether o relotively snll anount of trioning directed ot in-
proving wrticuletery sructices is effecvive In imsrovineg intelligi-
bility in nol=e.

Tha erltects of Lhree types of urelining, ewch of which was
directed townrd clacr orouuncistion, erc shovm in four evperiments
vresented in the {ellowine cecticns. Ths tyvpes of inctruction piven
vere:

1. Instruction o utress finel consonunts.

Instructicn to stress sililent sounds (s, z, sh, zh, ch, j).

Instriction in gesclse articuiction of worus.

(Lezctvre end preectlee in guiet.)

In:struction in precive srticulsation of words.

&

(Leciure, practice in noise, demonstration record.)

In the firsy two cxperinents rojorted emphesis wes put upon the
manner in which individual souwnis wrore to Le npede, in one case sounds
were singled cub for ettention; in the other, attention was neid to
the last sound in ecch vore. Tie Losl two experisents d:iel with ot-
tenpte Lo got the student to oy attention to promunciation penerslly,
no atterpt beinzy rede o stress eny purticulsr sound.

II. -Tustruction to Emphocise Tinsl Consonants

Twelve lists, cech rade up of 24 one-nylleble words, were os-
sembled. Vords were chosen so that evch: iist ceontaineo =t least once
in the final _osition each conconant souna that commonly i so used
in the English lonsuwpe. Twelve crougs of 18-26 AAF student pilots
spoke and listencd Lo the words. Six-eizhit fron czch proup served ce
readers, the reuzining le-14 as listeners. Reoders cnd listencrs were
surrounded by 105-11G ab circreat-tyoe noise.

Gach spcsicr reed Y.o listes of 1ords uver an inter hone netvurk,
y

ong in his norael woamnes , cnd one with wdded stress on [innl consonants.

BESTRICTED
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A schedule of recding o

s follow:a in v

vhich, unon,* 4 repsztitions of

the procedure, esch list wvee read tolee nornoelly cnd twice wilh stressad
finel conroncnts:. In one instrrece the strogsed recding of o tist oe-
curred first, in the other, the nerual. Speskers wotehed s« VU nieter
connacted acrosg Llie 1ntcrphon heosset cireuit, cna prounced cach word
et ¢ loudness l(Vﬁl ol =2 VU, vhere O VU = 4. volti.

This procecurs, 'rith

e, Tour recdinge of erch list, w-.g repastad
with three grou e of subjects, one eoch vith vecdsrs using ANB-%-Cl
uicropghones in [ -1U-% oryrren mesks, T-17 (hend hald) microchones, and
T-30 (throat) microhcmes.

Intelligdibility velues viere computed so tletl the value obtuined

by speekers pronouncing mormully cculd be compured idth thet vhen lists

were recd with soccinl strsse on fincl consonunts. Due to sbcences,

the counterbaluncing for order of stressed end non-stressed readings

wcs not. comnlete. Lysis showad, housver, thet this wes not o
cerious defoet, since thoere v

S duc to créer of
utregsod—nolm“

¢5 negliribie variunce
ra.dings.

Teblie T

Intelligibility of One-Syllcable Vords hecd Howvaclly end ¥
Speelul Stress on Finel Consonunts

ticroohone

N ilormadl Stressed

Difference S5.D. Lgn
lcon I.ean Stressed-fiornzl Vithin
Grouns
T-17 20 50.5 56.5 6.0 10.2 4.06
: T-30 3% 9. 45.9 0.7 9.6  0.50
AND-L-C1 o7 56

5"09 —3 -3 ll -Z
"grst feom distrihzutions ol
. ngh (18) for 20 dul. = 2.75.
nen (57} for 30 d.f. = 2004,

1.61

Alffarencea.

A significent Lijsrovorent wes neas W
in the cuse of thie T-L17 wicrephone (m blc I).
for the other tuo micropheaas were

stressing rinel consoncnts
The neen rain ond loss
within the anount expectew by chonce.

JIT. Trcininz te Stress Siblidlant Sounds

Some scuncs have Hzen shown to be icctors in the Low intel-
ligibility wiluse of words zenteinings themo® Tor exumple sibilant
sounds arc anon: the noat difficuiit to underst.opd in nonscnse-cyliable
articulation tests. To find vhether {he detrimental effccle of these
sounds could be oviresme in voice coamunicotion Lhrough treining,

#Phonetic Chi.racth:
in Adreraft-fu o No

ics of Yords as iwlated bo Their Intelilirdbility
c. 05 ;‘ Hesort 4631. Restrictode
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sporkors vapre tested, truineqd and rc-tcsted for 1ntnlliribility.*
Fifty-cisht aaF rtudont silots, who i brevioust: sorved L& sudjects
in nn eXorinem, in voinag corrunice Lien, v.ope ~iven un intuliirihiiity
test, using the 7-17 nicrophone. Twanty-ning « spa then riven & pod oo
hour purious of izcture and practice in quict op stressing eibitent
Sounds. .t the eng of the szecond training session, hoth Froups vere
g¢lven @ Pind intelligibility test.

Teble IT

Initiz) and Fine Intulligibility Scores of Control Subjects ang
Subjects Trained in Btressing Sibilant Sounds

Group Initiel Final

tieen Mean

Expcriment;l(N-29) 5.2 53.9
COntrol(N-;9) 51.7 54.8

wolghted Lve, 3, D. within froups = 10,9,

Since the trained subjects (Talle IT) lost in performance, it
is «vident thut the training to Stress cibilant sSounds wes not of-
feetive, It ig robable th.t Lhe #trong gihilont articulacion re-
sulted in distortii. of wora patterns, auxing words less, instead
of riore, Intelligibia,

IV. Instruction in Precise irticulation (in quiet)

Te study the 2ifzet of inativeiion ip sracise erticulution of
words upon intclligibi;ity, 5¢ a8 wpeoint Jilots vere ndven Zi-word
write-down intulli;ibility tast in 1o 10 ap tdrerafi-tyme noise.
Thirty of the men then received tio v Li-haur 2iriods of training
(lecture and practice in uist) in precige articul: tion of words,

The treining seriods Werec on suecessiva GGyS. At the end of the
sccond training period, “oth treinea .n. untriineq (control) subjeci,s
were re~tested., 411 subjocts used the T-17 ulerophone in tosts.

Table III

Initinl and Finul Intelllgibility Seores «f Control Subjects ang
Subjeets Truined in Precise Articulation

- Group Initinl Figel
Lieen Moan
Experimentul (N=zg) 56.¢ 80.14
Control (N=30) 57.C 57.5
"gr from distrivution of dijlerences,
"t (1Y) fox .7 dol's = 2 77,
Yelohtad sve, S.0, within {roups = 10,3,

*Intelligibilit; Filourencnns fachnirues and | vocedurer Uved b the
2aretligd bion Lot o, —aeD  Uet and gt = —¥0 by the:

Voice Comnunicaiion Laoretor:-.”05ry Report 3L Restricted,
TS ===s=acahdon Laboretor

RESTRICT: D
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The eargericentel groups (Tablz ITI1) geinod ty & sipmilicent
anonnt; She control croup mide no signdifieont goin in poiforannee.
It ts cvident thet the t?rininv civen the cruorimentel TTOUD L8

#0 0kive
CILueChLAVeE,

In roct sxoorinente involving »n Irtclligivility test end ve-
toot, & sidght ruin Is eeglstored Uy o control group, cven chough no
inborvening triiring hus teken pluce. The elliure of this control
group to goin in scorc iu Jrobably cdus to the fret thut neither it nor
the cvperimental _roup wiz conmgledrdy nuive nt the barinning of the
oxperinent. Botl nhed served for soverol aw,2 as ilistonerse in cnothm
.yu\rimont, end heet token an intedlipgibillt;, tust belere the initiel
tesh ¢ivem et the ouvtsct o the present experinent. These elrcuws-
stenccee probebiy siaoirized tho scoros of Wofh roups Lo sone extent,
making it more Giffizult to _roduce = sieniiicrnbt redip in either.

V. Instruction in Precise Articulstion (in noise)

Thlri-seven Arl’ cadetes in wro-pilot truining wers tested for
intelligibility, teeined for on2 cliws hour in cicar ronuncistion of
words, and rc-toestec. Thirty-cight codots were testod @ nd re-tested
without intervening bruining, :o o conlrsl rroup.

The Lvltiplf—choicc intelligihility test wes used, form A in
iriticl tests, oni Form B in fincl lecbs.  in =Gdition, ench codet
reed o list of 1z one-syllable wordg in ooti: initicl ona finul f
ting sossions. The lo=word iisbs weec o7 aclectea MGFTicult" vords,
and worz svitten Zovn by the licteners os they were spoken. [ 1l of
then conbtained ons or sore of Lhe counds sit, fox or thin, and ail
were of low intellicibility. Testo wers adninisbtered in 100-10% db
gircract-lype noise. Ingtosd or the usuul situction in which each

nzn serves both os cpeniter and listenor, Licuininge was one by

soecisl enels of iAF ecaets.

To provide = mewsurse of il incleont.t eiTech o treining
in preorunciation upen Loudnsss of sozech sivnal, monitors read WU
motors connactod scrose the hesaphone circuise, noting the peak
loudnzzs for euech ~Ard. Phono rash recordings (C8) were nade of
iaitinl and fincl tezis for as many upeckors o8 ccuinment vouid ollovi.

Trzining given in erticuiation covercd one 5)-pinute closs
T

perios oa the doy hetuzern initiul end fin.d t.sts. The oubiine of
the troining hour i'ollows:

1. Mndnsirociloo osriod on the noowl for oclecyr criiculation
when ¢ occidng in poise (5 mowheg).

vauclac of worua conteining sounds of low intellipibilicy
v—luo (v siinutes) .

RESTRICTED




LESTFICTLD

arill with vorg listo. ‘oras hid been sclectzd for lo
intcllipibility. In 100-1Cc ab zirpglone-type noiss, e
recder ronG & word ovar the intorphonc systzia. /nother
subjuet celled the word brek. I the word wos incorrzctly
reoceived, the speaker pronounced the word cgiin. It the
monitor crecived inedequatc articul tien, h: prve o corrected
nattoan for the roulty words. spokem. coch spucker roed 12
difforent rords (37 minutc“).

stened to & dcuonstrii, on recording, "Articu-
tnrough their headsets (€ minuies).

intcrphonr dosseguit.  EBuch sperker rovd an
> messcge i noise, end ¢ listencr cnsvercd w
question of fuet rbout the content. The monitor eriti-
cizod uneloar gpuceh (5 minubes).

Throughout the tecching session, nll eriticimis wers dirceted
tomera cle eness ov ¢pcech end crticulztion of sounds. Mo scntion
vey Lwede of rate of s .oking, louduoss, or whiybhun,

Duve cvailabie from initicl vaw final tescting porlods were:

Initicl cnd finel scores on squivedoent oris of th
multipls-cholies intolliginiiity toce.

ollizibility scorel on 1¢-vord
gibility, vhors cnch man resd the

L and finnl testo.

Initis) . nd fincld i
lists of low inwell
sLhz vords in inidis

nt
ig

VU metor recdings for euch word in all teuss (£ & V6 = 4.2
volts).

Pheonogruh recordings of intelli; ibility ituosts for epprox-
inntely 1/4 of the socakera' initicl snd finnl tosto.

e trained (roup e significont coins in performance on
both the hultL; e-choice test onc the lists of difficult words
(Tebls IV). The econtrol group shoved no improvemcut on the nuttipla-
choiez tost. However, it Jdid lrypeove sifgnificentiy on the dirficult
worce. The gain of thc cortroi ¢roup on the difficult rords vas al-
nost cqual to that of the treinia group. Since the wine tests vicre
usced in initiel en! finnl aifficult word tecees, the guin in both groups
vas probably duc to increzsen splikor-listoncr Yeniliarity with the
itel.s. The feet thet the treined sroup nade a fuin on the wultiplo-
choice tout, vhiile Lhe control group ¢id not, indicetes th t the
troining Gid producce bpetber intellicibility on woras in Cenersl.
VU »oodd > 103 e Rer were Lvers;ed, (nd

A1l sinzio-oond
the av.rore traouid ve his initic 1 VU level. Comnoricon

PEETEICTRD




Tebl: IV

Inbullipinility of Tr.inud :nd Control Soculiurs

Tralncd Group
(8=37)

Control Group
(N=38)

Truinud Group
(N=27)

Cenirol Grouwy
(1=33)

4. 'ultiple-Choleu Tost

Tinul
Se U

Initicd
wutn S. D, Lican

1.8

T4

Jifficult- cics Test

insl

Fean 5. V.

0.

32.6 10.8 45.0 9.7

Diffcrence
g <My A

T4 3.7

7 £C

Divference

&£.1 4439

6.1

ngtg" ren distrilutions of wiff.rencos.

ngr (19) for 36 d.f. = .75,

Corrcletionsz, inilicd ve, final scores

ware s follows:

trained, multi:ls choice, r,
control, multi le choles, r,
troined, daifficult vord:, r,
control, diificul veras, r,

-.013
.38;
YAH
.6C.

of initial and firal Mesn VO renalage (Toble V) shors thot neither
treining 1o articulatien nor the experience of teking & test had
any siznificant =/fuet wpon overnll strengTa of sicnel.
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Tebac V

Offect of Treining in Articuieticn on Strength of Sifnal
Grouw VU Initicl it Diffurence
Lizon S.De G

Tr. inod
(1i=37) —zod MO B ol

Countrol
(ii=38) - o2 -3 3.1 -1

g1 from disvrivutions of differences.
ngr (54) fcr 36 a.f. = 04,

Trom CCS rncn“uing { 1a of the traincd group, re-vecorainss

of thz lists cf uidiicuit to Js were . ade i such & wenner thet ini-

1.1 end finrl o:onliing of cech wora by the same speilicr wcre wLircc.
Position in tho peir (initis) - findd) wvee determined from a tuble of
rendom nunbers. Voluwme Lovor off reeoruing 68 cuuwkliszed for cech
peir by monitorins ite prok-2av.l on o cethodc-roy occilloseopu con-
noevad seross bae oubyut ot Lhe rueerving aapiliier. Th: re-rocording
wed deone fron & turntubles, sch sysiom vecd clternetel) for rupro-
aucing an initini t.ct. 1hbs" Loirs of reeords of the stle wovd,
spoken bofere wac (fbor treining, were oloyed Lo o pancl of 9 persons
4 of vhor wvere f(ﬂ”lullut_ in gpeech. All weve given the instruction
tc aesignate the L or £ memcor of + pule of vords cs articulited with
ozt precision. Judgucnt wus not toc he cn corrceetness of oronunciec-—
tion oi' prouuble intelligibility, but con asirae of formstion oif sounds.
Judges were provided with liste of the words heard, so thut intelli-
gibility vould not necessccity be @ factor in their judgments. A
Judgment vas reculred for coch peir. Table VI pruscents the nusber and
proportion of corr:ct judgments for esch of 2 judies, with ¥e (ehi
squcre) to show Yhe orobability ol ruch s deperturc from chunes ax-
pecteney. It may e seon thrtdl jud;es were sble to dsteet the effect
of truining upon (rliculaition tu & significint desrec.

Table VI

Provortion ot Vords Spoken sfior Treining Juiged Tore

Articulctod Thra the Oume Jords Swuoken sefore Troining.
_Judge . 3 4 5 & 3 2
N Corrcct
Judgnents i ; 67 6L & 65 60 €0
N Incorreect
Jua ments X PR B TS £ 29
% Corrcet
Judgnents : Tod LS €8 ten 69 O 645
X~ 15.5 17.0 1.3 18.5 13.8 v 6 7.

L% sor i u.l. is 6.64

#Thie jui = nic Jadrwnts, beins cndlod out during the judsing
2055100,
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althourh the 1z sperkers teken s o proup were judged to be
changed by wrticulation training, somo s)yerkers dic not chenpe to
& discernible degree. To show this, the proportion of "afior treiningh
words judged mor: articulcted by the whole judging punel for cech
speaker was computcd (Teble VII). Sows nen nede grcet changes éue to
training. Tor othors, no discoernible cffcet on erticulation ropears.

Tuble VII

Proportion of' Vords S-okern with Grocter
Articulatiomt after Trezilning, for 1z Speckurs

Opuuker 1 2 2 : & 7.8 9 10
Purcent of sords
more rrticuletad
after trzining 94 85 8 L 8L 79 5& 49 46 46

#Dagroc of urticulction Is LY v componsite ceers of o punel
9 jwiges listening to 7-C peire v ST et kv,

VI. Summury one Intercrstotion

Three of the four experiments reported in this study shoved
signiflcant cffeets of training in precise erticulation upon in-
telligihility. The offects were showm vith vord intelligibility
tests involving a viide variety of specck sounds. 41l involved the
T-17 (hsnd held) idlcrophona. The only expsriment in which othur
nicroshones wure uscd yalled to shew any «ffcet ol truining in
pronunciztion with tue 7-30 (threat) or Ali-li-Cl (nisk) microphcne.
Treining in this experimont, howcver, conly involved stressing [inal
congonuents, so thet ro genersl conclusicon is possible regarding the
cffect of trzining in eclecr specch with respeet to the T-3C or
ANB-}1~-C1 microphonec.

Gains in intelligibility were not due to incroascd louénegs
of speech cipgnul which mizht have accompenica more cureful articu-
lution. In one uxperiment, (stressing finsl conscenrnts) loudnoss
wue controlled by the rewder, who vatched & VU wctor as he spoko;
in another, loudness readings were ccmoaurad betore wnd after
treining in clcer ronunciation. No eppreeicble chunge in loud-
ness occulred.

Where ohonosreph records of gpeech bafore and o fter training
were availuble, judgcs were whie Lo pick out the sococh of treined
szeuiiars by the degree to vhiech thiey srticulited test vords.

of training unon :counds associrted with low Intellipgibility. In one,
troining in streccing sibilomit scunus wien given. In another, penerel
treining in clecr preonunciaticn wes given, ond a special test of

Two experilents afforded en opjortunity to mewsurs the offect
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cn:-sylloble words conteiring the £ (sit), £ (fox), vnd th (thin)
vaas civen before end after training. Truinad subjocts o 'ved no
more then untrained subjeets in eith-1 capuainent. Those results
indicate that truining f'or good articuictory patternc is Likely to
imorove intellipibility, end is superior to truining which attempts
to improve the yronunciation of difficult sounds.

In two cases wherc generzl wtterns of cleur speceh werce
t.ught, the one involving instructicn in noisc wus the more of-
fective. Too meny conditions werc difforent in the axperiments to
attribute thc greater gain to the presence of noise, but the pre-
sumption is thut noisc used during troining was helpful.
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