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Summary 

Four exporimonta designed to lnvesti£ate oifsct.i of tn.inin^ 
in pronunciation or rticuli t.Lon arc presented«* 

Roiultfl indicate Ih-t training to pronounce accurately ^nd 
dearly produce increased intelligibility« 

Instruction to stress finrl consonants resulted in increased 
intelligibility »hen bha T-17 (hand h. id) nioropbone was used, but 
not when T-30 (throat) or ANB-M-C1 (n.-isk) microphone :m*.ü used. 

No. gains in intelligibility rare shown e.s a result of instruc- 
tion to stress sibilant sounds. 

Training for one hour In clear pronunciation affooted a sub- 
sequent intelligibility t£3t, not only in the scoxee obtained by 
the speakers| but in the de£roe to which words were articulated* 
as determined by .lüde» s who hoard phonograph recordings of tc-stc 
given bof'orr- ,-,nd after training:. Loudncss of speech lirnal \n.s 
not changed by this training. 

•tfTiuse experiments ..'ere iorformod in pert r.t Voice Conur.unicrj.tion 
Laboratory, »/{..co AAF and in part at GoodfoUovi AÄF in conjunction 
v.ith the ground school coursj in voice communication, I .• jor K. I). 
Rrneier, Director, and Lt. P.. P. Stö'.mrt, instructor in cherfrc. 
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EF1T3CTS 0? TRAIMIHG IM ARTICULATION 

T. Introduction 

Since the difference between one .voru ana mother is often r. 
difference of c single soundj it is obvious that slovenly pronuncla- 
tion of words iru:;. result in lowered Intelligibility• The crucial 
question for Army Air Forces voice communication braining* howeverf 
is whether a relatively JLU-IJ. amount of braining directed at i:n- 
proving articulctory :>ructiccs is effective in improving intelligi- 
bility in noise. 

The effects of throe typos- of brainingi each of which was 
directed toward deer >ronunciation, are shorn in four experiments 
presented in the following sections. The types of instruction Given 
were: 

1. Instruction bo stress f.inal consonants. 

*.. Instruction to stress sibilant sounds (s, z, sh, zh,  ch, j). 

3. Instruction in precise articulation of woras. 
(Lecture and practice in quiet.) 

4.. Instruction in precise articulation of words. 
(Lecture, practice in noise, demonstration record.) 

In the firsi, tv*o experiments reported emphasis was put upon the 
manner in which individual sounus wore to be made, in one case bounds 
were singled cut for attention} in thu other, attention v:as :<aid to 
the last sound in *vch word. The last two experiments u:al with at- 
tempts to £et the student to pay attention zo  pronunciation generally, 
no attempt boln;,- made T>O stress any particular .sound. 

1 II. -Instruction to Emphasize Final Consonants 

Twelve lists, each i.:ade up of £4 one-syllable words, were r.s- 
sembled. Words were chosen so that each list contained at least onco 
in the final position each consonant soun:; that commonly is en uoec! 
in the Entlieh j.,n.;uafe. Twelve groups of 18-20 AAF student pilots 
spoke ana listened to the words. Six-eight fron each group served as 
readers, the remaining 12-14 as listeners. Readers c.nd listeners were 
surrounded by 10£-UG ub aircraft-type noise. 

Each s*,.i..i. rc.v.d t./o l.L:;ts of i orris over an inter hone network, 
one in his normcJ. uannex, .-.nc< O»K with added stress on finni consonants 
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A schedule of reeding w s followed in which, ui.ion,; 4 repetitions of 
the procedure, each lia^ t/t.s read t-ico normally ^nd tv;ice with stressed 
final consoncnts. In on?: instance the stressed re.din/T of c list oc- 
curred first* iri the other, the normal. Speakers imtched a VU meter 
connected across U.e intcrphon. headset circuit, end produced each :/ord 
at c ioudness level of -^ VU, ..here 0 VO ■ 4.^ volt;i. 

This procedure, with four readings of sich list, »as repeated 
with three groups of subjects, on* each with riders using AMB-44-C1 
microphones in ;-lu-K oxye*** masks, T-17 (hand held) microphones, and 
T-30 (throat) microphones• 

Intelligibility values were computed so that the value obtained 
by speakers pronouncing normally could be compared uith that when lists 
were rerd uith special stress on final consonants. Duo to fbsen^es, 
the counterbalancing for order of stressed and non-stressed readings 
was not complete. Analysis showed; however, that this was not :: 
serious defect, since tfc,.ro was negligible variance due to order of 
Btressod-nomkJ. reding s. 

Table I 

Intelligibility of One-Syllable Kords Read Normally .vnd With 
Special Strejs on Final Consonants 

UioroDhone g Normal Stressed Difference S.D. H» 
floan Keen Stressed-Hormc L » ithin 

Groups 
T-17 30 50.5 56.5 6.0 10.; 4.26 
T-30 35 39.S 40.9 0.7 9.9 0.50 
AWD-:.,*-Cl ;.? 56.;. 5.-. 9 -3.3 11 .k 1.61 

"t's" fro/r. distributions of differences, 
"t" (lji) for 30 ci.f. = «..75. 
"t" \%)  for 30 d.i. ■ £.04. 

A significant improvement was m&dc b;.- stressing final consonants 
in tho case of the T-17 microphone (T. blc I). Tht. meui fain ...nd loss 
for the other two microphones v/ere within the amount expected by chr.ncr. 

IIJ. Trciniri{-' tc »Stress Sli-.J-U.nt Sounds 

Some sounds have cen shown to be factors in the low intel- 
ligibility values of words containing them.» For example sibilant 
sounds are among the most difficult to understand in nonsense-syllable 
articulation tests. To find whether the detrimental effects of these 
sounds could be ov Tcome in voice communication through training, 

^Phonetic ChL^ojotoristics of Words as Kglatgd jio Their Intf-lli.'-lbllit; 
in Alrcraft-f....■'. Noise. OSRD Report 4-631.  Restricted;. 
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bpoakors v/ore tested, trained and rc-te3ted for intclliribility.* 
Fifty-oi»:'ht AAF rtudoiit pilots, v/ho iiad previous!::- s-.-rvod as subjects 
in /in rtx.jorinfai.. in voi'V.- coi.r.unici Men, v-.>re **ivon an inteliiriMJiby 
test, using the T-17 nicrophon«. Tw)i»ty-ninc vsro than riven ;. hi'lt'- 
hour porioas of i&cture and practice in c-uiot on stressing elDiivnt 
3ounds. ilt the end of the second tr?.iininj- session, both ra-oups '..'ere fivon :. final intelligibility test. 

Table II 

Initial and Fined Intelligibility Scorea of Control Subjects and 
Subjects Trained in stressing Sibilant Sounds 

Initial 
Sloan 

54. '*■ 
51.7 

Experimental(N«29) 
Control(M-i9) 

rt'oifhted i.ve. S. D. within groups * 10.9. 

Since the brained subjects (Table II) lost in performance, it 
is «vident that the training to stress sibilant sounas vco  not ef- 
fective. It is .robable th...t -ihe strong sibilant articulation re- 
sulted in distort!'/, of wora patterns, niukin? words less, instead of nore, iutalligibla. 

IV. 
Instruction in Precise Articulation (in quiet) 

To study tho oifaet of injtruoi/Lon in -..recis« articulation of 
words upon intelligibility, 5c' .ui2'  account pilots were ^iven ZA-\7ord 
write-dov/n intelligibility Vast in Kj: --J.1G db r ircraft-type noise. 
Thirty of thru men than received t. o .'r iC-hour periods of training 
(lecture and practice in cjuiat) in precise articulation of words. 
The training periods wert on successive* oays. At ths end of:  the 
second training period, both trainta ...nJ. untrained (control) subjects 
were re-tested. All subjects used tht T-17 Microphone in tests. 

Table III 

Initial and Final Intelligibility Scores o.C Control Subjects and 
Subjects Trained in Precise Articulation 

• Group       Initial       Final 
I.!ean        r?c..-an Experimental (N«2ö)    56.0       6ü.U 

Control (N*30)        57.C       57.3 

"t" fron distribution of iiii/'ereneeu 
»t» (!;'.;  foz *.l  d.f. = ^.77. 
I7ci^ht.otl J.ve.  S.'J. '..ithin ,;roups = 10.3. 

«t» 

6.90 
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The experimental groups (Tools III) g&lnod \y i.  significant 
onountj the control group a de no al&nlfleant ?;in in pa foroance. 
It is ovidont thrt tho trrinin» given the experimental froup '. s 
effective. 

In r.ojt BXparimcntc involving *n intelligibility test mü re- 
test, i slight ,'w.in is registered b„< & control f.roup, even bhoufh no 
intervening tr.J.r-in; has tL":-.n place. The failure of tr.is control 
group to gain in score iü  probably duo to tho fact th^t neither it nor 
the experimental -,roup was completely naive at the boflnninf of the 
experiment« Both hod served Tor several days r<.s xiatenors in onothox 
experiment, and had token on intelligibility tost before the initial 
test j ivon at tho outset OJ' the present experiment. These circum- 
stances probably stabilised tho scores of both troupe to sone extent, 
making it core difficult to produce a significant ruin in either. 

V. instruction in Precise Articulhtion (in nois-.:) 

Thirty-sev^n AAF cadets in pro-pilot training were tested for 
in^eliigibilit/, brained for one class hour in ci-^rr pronunciation of 
words, and rc-tesU-u. Thirty-eight cadets wore t;retvd ■• nd re-tested 
without intervening training, ,s ;.. control group. 

Tho ;;vlt.lp.L.-.-choice intollifibil-ity tact was used, Form A in 
initial jests, and Fo»ir» B in final U. •:..:. in addition, each cadet 
road a list of Ik  one-syllabic words in ooth i.niti: I .net final tec- 
tint sessions. The LL-word iisks were •->' selected "difficult" words, 
e.nd were written ".ovn by the Listeners as they were spoken. ' ~:-l of 
them contained one or .-'ore of the Bounds sit, fox or Jihin, and all 
wore of lev; intelligibility. Tests wer 3 administered in lüG-iGl db 
b. ire raft- type noise. Instead of the usual situation in which tech 
Kan serves both as speaker /rid listener, lieteninc was done by 
cocifl .panels of AAF cadets. 

To provide a measure or UK inciocnt...! effect of trrin.1.1™ 
in pronunciation upon loudn:ss of speoch signal, Monitors read VU 
cotors connect 3d across the headphone circuits, noting the peak 
loudnsss for each vord. P'^ono.ra.-h recordings (CGS) were made of 
initial and final te3ts for as many speakers* ..s equipment would allow. 

Training given In articulation covered one 55-«inute cle-ss 
period on the ucr;  between initial t.nd fin^J t.-sts. The outline of 
ths training hour follows: 

i. An instruction period on thj a.-;», for clear' rrticulation 
when r-   • idr; in noise (0 minutes), 

2. Examples of words containing sound;;: of low intelligibility 
value (;. uinutes). 

RESTRICTS 
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( 3. Jrill with .•orci liste« T/orde h.-cl boon selected for lor; 
intelligibility« In 100-10« ab airpl: ne-type noise, ;ch 
reader rk;.d a word ov.r the interphone systii.

1.. Another 
r>ubj«.ct called tho word beck. If tlu. word was incorr-jctl;,- 
rocelTud, the speaker pronounced the word again« If the 
monitor perceived ined.^uat- articui tion, h. p.: ve r corrected 
pattern tor the faulty words • spoke*, daub speaker rood 12 
dif f« rent norde (37 Canutes). 

4. Speakers listened to a d>.:.ionstr. >, on recording! "Articu- 
lation»' through their hoadsots (6 minutes)« 

5. Drill with interphone messages. Euch speaker reed an 
interphone messe, ge in noisu, end ; listen sr tnswored t; 
quostion ot' fact /..bout the content« Tin. monitor criti- 
cised unclear speech (5 minutes)« 

Throughout the- teaching session, all criticisms './ore directed 
toward cl.ü.raeS8 of .■ toeoh and L.rticu.ution of wound!'.;, llo mention 
vs..a u..'.dt of rate of sacking, loudn as, or rhythm. 

Data avmilablo fror; Initial anu final testing periods './ere: 

1« Initial and final scores on equivalont /"or:r.s of th. 
multiple-choice int-Ilicibij-ity t.o&. 

,.. Initial 13cl final intelligibility scores on j.^-,.*ord 
lists of low intelligibility, where each IOAH read the 
sams »/ords ir; initial and final tests. 

3. VU meter readings for each word in ail tests (/ k" VU ■ A.:-. 
volts). 

4« Phonogra; h recordings of intelligibility tests for approx- 
imately lA of "th. speakers1 initiu. MIU final tests. 

The trained eroup made significant gains in performance on 
both the multiple-choice test and the lints of difficult words 
(Table IV). The c ntrol group showed no improvement on the muitipl:-?- 
choice test. However, it did imjjrove significantly on the difficult 
.vorc.c. The gain of the control proup on the difficult »ords was al- 
most 3qual to that of the trained group. Since the sane tests were 
used in initial on ! final difficult word tests, the gain in both groups 
was probably due to increased spanker-listener familiarity with the 
items. The fact that the trained group made a gain on the multiple- 
choice test, 'liile the control group did not, indicates th t the 
training die' produce better intelligibility on words in eneril. 

All sinrls-i/ord VU readings for ... s. ■•:. k r were avnraf-.ed« end 
the a/.iv-o tree-ted as his initial or fmel VU level. Comparison 

RKSTFJCT5D 
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Table IV 

Intelligibility of Tr.^.n<..d .v.nd Control Spv-ulrura 

TraLn-d Group 
(K=37) 

Control Group 
(M-38) 

a.    F'ultiplö-Choicu Tost 

Initial Final 
jjt n   St D. Lit »an   8. P. 

$6.8  8.6    66.2  7.6 

6;* .4  8.7    64.1  7.4 

Difference 
M^-U}  "t" 

7.4   3.77 

.7    .fcO 

Tiainud Group 
(»■37) 

Control Group 

b.   Difficult-', orelfl Tost 

In:Lti:.l Final 
;'..n    3. D. K-.in    S.  D. 

Difference 

./. 11.3    46.3 10..;    S-..1   4.39 

3S.L
V

. 12.8    45.0  9.7     6.1   3.30 

"t's" from dietributiona of differences. 
"t" (If) "or 36 d.i. = ;. .75. 

CorrolationBj initial vs.  final scores 
worei :.s foilo.*.a: 
trainod, eultijls choice, r, -.01; 
control, multiple« choice, r, .'}&; 
trained, difficult wortk-, r, .49j 
control, difficult words, r, .60. 

of initial end final Me*.n VÜ randings (Tuble V) shows thüLt neither 
training i»i articulation nor the experience of taking a teat had 
any significant effect upon overall strength of sicnal. 
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Tabj.o V 

Effect of Training in Articulation on Strength of Signal 

?r. I nod 
(H-37) 

Control 
(K-38) 

Vü Initial 
Kuan  S.D. 

-2.4 

Vu Flnel 
; !cc...n SaD. 

Difference 

..', 

5.* -*.3 -.1 

.62 

.5^ 

Hf3B fro.?, distribution« oi' differences. 
"t" {%)  for 36 d.f. = *.04. 

Fron CGij recordings of Ik of the trained froup, rc-rocordini a 
of ths lists of difficult cords were . adi ix^ such G nrnnor in .t ini- 
ti.i und finr.l s_: dicing of ouch word by the 3une speaker ware paired. 
Position Ln the pair (initial - final) was determined from a table of 
rcnuoin nuribtTu. VOIüLU. i.vex ui' recoiui:*- ras equalised for each 
pair by nonitorinr; its peak-level on a cathode-ray oscilloscope con- 
n.ctod across t*i». out4.*ut oi th~ ruccrtdnf amplifier. The re-recording 
v.\ 3 done fron It turntables, .ten ays ben used alternately' for rwpro- 
cnicing an initial tost. These . virs of records of the sane uord, 
Spoken bofore und cfter tralningi were p-u-yed to a panel of 9 persons, 
4 or ohom were e^cialistt in speech. All acre given tha instruction 
to desigo&te the L  or £ member of L pair of words as articulated with 
oost precision. Judgmont was not be be on correctness of pronuncia- 
tion or pro^jublo intelligibility| but en decree of formation of sounds. 
Judges were provided with litte of the words heard, no that intelli- 
gibility would not necessarily be t factor in their judgments. A 
judgnent ./as required for ue,ch pair. Table VI presents the number ana 
proportion of correct judgmonts for w ch cf ? judges, with X'- (chi 
square) to show tho probability of r;urh a departure fron chance ex- 
pectancy. It may l>u seen that 4M judges were able to detect the effect 
of training upon articulation to a significant degree. 

Table VI 

Proportion of Words Spoken After Training Judged More 
Articulated Than the Same tfords Spoken Before Tr; inint. 

Judre 1* * A L 1      k      1 _2 2 
H Correct 
Judgments & 60 67 64 66 65  6. 60 £.0 
W Incorrect 
Judgments 1'. *6 kl 3C *6 ;.9 3* 3/, 34 
% Correct 
Judgments 795b i:% 71$ 682 7t5s &9S 66jg 64^ 6$ 
x'- £7.0 L3.8 17.0 Ik.3 18.8 13.8 0.6 7.;. 7.J. 

';■'- (If)  i'or 1 d.f. is 6.64 
•*Tiii£ Jud'jo nissed 16 jud^jnts, bein- called out during1 the judrlng 
suasion« 

i        rXJTRICTED 
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although the i< flpw-Jco-rs taken ;..s r. croup v/~re judged to be 
changed by articulation training, some speakers dia not change to 
a discernible degroo. To ehon this* the proportion oi' "after training" 
words juagud i:;or. articulated by the whole judging panel for oech 
speaker vas computed (Treble VII). Some nan nt.de rn at changes e.u.- to 
training« Tor others, no discernible effect on articulation appears* 

Table VII 

Proportion of V7ords Spoken with Grot tor 
articulation* aft--r Training* for i;. Spoakcri 

Speaker 
Percent of ..-orris 
more rticulated 
öfter training 

112klSL3L&2   12   .U   12 

94 8Li 38 C5 S3 Ci   79 56 49  46  46  39 

«Degree of articulation is determined by composite score of ■'. panel of 
9 judges -Listening to 7-C pairs of words per spuckor. 

:. 

VI. Summary an?* Interpretation 

Three of the four expurinents reported in this study showed 
Significant effects of trrdninf .in proujsa articulation u;-on in- 
teilicibility. The effects; were shown with word intelligibility 
tests involving a wide variuty of speech sounds, all involved the 
T-17 (hsnd held) idcrophono. The only experiment in which other 
microphones v;.;rc u3i..d failed to she:.' any effect of training in 
pronunciation with the T-30 (throat) or ANB-K-C1 (iuc.sk) juicrophene. 
Training in this experiment, however, cnl; involved stressing final 
consonants, so that no general conclusion ii' possible regarding the 
effect of triinin;-: ;.n clear speech 7.1th respect to the T-^C or 
ANB-M-C1 microphone. 

Gains in Intelligibility wer? not due to increased loudness 
of speech ci^nel which might have accompanied wore careful articu- 
lation. In onu experiment, (stressing final consonmts) loudness 
wr.s controlled by the reader, who watched a VO meter as he spoke; 
in another, loudnesj; readings were compared before ;.nd after 
training in clear ./ronunciation. No appreciable change in loud- 
ness occurred. 

Where phonograph records of speech before and i fter training 
were available, judges were able to pick out the speech of trained 
speakers by the degree to which they articulated test words. 

Two experiments afforded an opportunity to measure the affect 
of training upon sounds associated with lev: intelligibility• In one, 
trpining in stressing sibilant sounds was given. In another, general 
training in deer pronunciation v.vs given, and a special test of 

rtttSTRICTilD 



c 
-9- RECTRIgreP 

on..-syllabi.- v;ords containing tho £ (.sit), f (£o:0> J-'ncl th (thin) 
vns f;iv:.n before .-..na after training, Trained BUbjoctl balned no 
more than unvrained subject3 in elthor rapoiinent. These results 
indicate that braining for tpod nrticuiatory patterns in *ikelj- to 
improve intelligibility, and is superior to training which, attempts 
to improve the jronunciation of difficult sounds. 

In tuo cases where general patterns of cle..r speech were 
t^Ugfatj the one involving instruction in noise Yü-.S the wore ef- 
fective« Too many conditions were dj.lf:rt.nt in the experiments to 
attribute the greater f-^n to tnö presence of noise, Lat the pro- 
sumption is that noise used Turin;.' trtinint wafi helpful■ 

RESTRICTED 
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