
PREDICTING THE INTELLIGIBILITY OF 
WORDS II 

JOHN W. BLACK 

The central issue of one series of studies in the Phonetics Laboratories of the Ohio 
State University has been to determine a relationship between the intelligibility of 
words and the intelligibility of the constituent phonemes.1 If a word is an ordered 
sequence of phonemes, and if a phoneme is — at least in part -- a differentiating feature 
among words, then it would seem that a word would represent a compounding of 
the phonemes. ' - - - . - 

The foregoing relationship is straightforward in treatments of nonsense syllables. 
Although a particular sound maybe more or less intelligible when it follows or precedes 
other particular sounds the ultimate outcome is that the intelligibility of nonsense 
syllables is well anticipated by the joint probability, i.e., intelligibility, of the member 
phonemes. The intelligibility of each phoneme is an average, determined from the 
transmissions of a number of nonsense syllables. 

The words of a natural language, as English, are not nonsense syllables; and the 
constituent sounds are not randomly assembled. Rather, the order is biased and is 
amenable to a considerable degree of prediction. Assemblages of speech sounds have 
been learned as words, and presumably this has been accompanied by the learning of 
many of the probabilities of one’s own language. This latter feat may not be cons- 
ciously achieved; however, it manifests itself in an individual’s orthography, syntax, 
pronunciation, reading speed, errors (fiubs) in oral reading, and pointedly in eva- 

luation, as right-wrong, of the usages of the language that he hears about him. 

The criterion measure in the present series of studies is the intelligibility of a word, 

that is the identification of a heard word as indicated by a written response. 

Preliminary to the present study, closely related work has been reported with the 
following salient features in methodology2: a) two sets of approximately 600 words 

each were responded to by 200 listeners; b) ward-' and phoneme-intelligibility values 

were determined (these were based on all responses in which at least two listeners were 

in agreement); c) the intelligibility of words was, on the average, equivalent to-the 

This study was conducted at The Ohio State University, Columbus, Ohio, under ‘a contract 

between the Offices of Naval Research and the Ohio State University Research Foundation. (Con- 

tract No. Nour-4950 8) NR 145—993). 
' John WÏ. Black, ~“Predicting the Intelligibility of Words, ” Folid Phoniatrica, 12:260—272 (1960); 
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348 JOHN w. BLACK 

joint probability (intelligibility) of the rel ° ° - - - atlve lntell ‘ 
phonemes of the word. The author suggested, lglblllty values of the first two 

The listener is a vocabulary n . . . .Apart from context h ter f ' _ _ , a p oneme or two a tran ' ' 
stena o Suratlîï" another of 1n_tens,1,ty.— and the listening vocabulary has beensitaigped plat. 

d o phon 1c recognizabllrty (mtelligibility) a better concept might be “word's n. ug- 

gestion”. The amount of su ° ' 
_ _ _ ggestlon that IS needed ° - . . 

the Jomt-recogmtion value of two phonemes. to e11c1t a correct word ls equivalent to 

A d's ' ' . 

intcîlitäîîiîî 13218111111,E mf the forâgomg Study arose from one cc‘mparison of the obtained 

e o a wor and the predicted valu f h 

ately. The standard deviati ' - e O t e word, each word separ- 
on of the distribution of di ' 

sets of v _ screpanc1es between these two 

set of Obîïîîàvas o: the same order of magnltude as the standard deviation of the 

number of w cvlvor lntelllglblllty values. _An assumption followed that if a limited 

would be at :Imisniîrfuïeakârä; and of listeners were employed experimental error 

. . . an e standard deviation f h ‘ ‘ ° ° . " 

list of words would exc ' ' ' ' ' o_ t e mtdhglblhty values Of a 
eed the standard deviation ' ° ° 

- . of the distributlon of l - 

resent « 
_ va ues re 

End prêââtïàevîîscrepancies, wordîby'WOTd, between obtained intelligibility scores 

in the earlier ues. Thls assnmptlon inherently attributed some of the imprecision 

the relativel ll'eported predictions Of intelligibility values to experimental error in 

y arge-scale approach that was used. The projected plan was more 

economical than the earlier work ' ' 
- . . . . sWth, ln turn, wasa b - rod ' 

of intelligibility tests extending over fifteen years y p “Ct Of the construction 

PROCEDURE 

Five i ' ‘ . - 

The 111232221113; ;‘âÿëleîigeable 1n Phonetics, served as speakers and as listeners. 

in American En lish bngUsh words, all among the 1,000 most-frequently-used words 

the words were ogf one yll 1:1 lVerslty StudeIlts in formal public address. One-half of 

Friday, for four weeksy a le, and one half of two syllables. Daily, Monday through 

from the master list I—sIeaCh Part1c1pant $6160t 1111systematically twenty-five words 

level of approximatél sesrïorded these on a tape recorder, attempting to maintain a 

positioned alon th y'd b (re '0002 dyne/Cm2) at a condenser microphone that was 

a numerical idegntifeiîgl e (1311' the face and mouth, out of the breath stream. He read 

intervals, y g p rase Wlth each word, and read the words at ten—second 

ïllîe speaker wrote in IPA symbols the words he recorded. 

(whit: Êïstelîäïthtulînedi from speaker to listener. He activated a masking noise 

ately O-db Signal-tz- car through a headset along with recorded words at approxim- 

lea ues h h ld . n01se ratio. As he hstened to the diurnal lists of his four col- 

g - e e .Scrlpts Of the Words they had recorded each word written ortho- 

graphically and In phonetic notation. He kept the list shielded from his view until 
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he had consciously determined the word that he had heard. He then exposed the 

corresponding word on the list of stimuli. If the word he uncovered confirmed the 

judgment he had made, he wrote nothing; otherwise he wrote his error response, 

and either immediately or later transcribed it phonetically. Although the five partici- 

pants knew that the signals they heard were English words, they were permitted to 

respond with a nonsense syllable or a pair of syllables, phonetically transcribed if 

the stimulus did not elicit an English word. 

The listener was responsible for comparing the stimulus and the response and 

enumerating phonetic substitutions, deletions, and additions. These, as well as the 

retentions of the sounds of the stimulus words were tallied‘by two of the five 

participants. 

Recapitulating, each of five participants daily selected and recorded acoustically 

Over a fourweek period he read. 

groups of twenty-five words from a 300-word list. 

500 words; in the same span of time he heard 2,000 words. The participants, fol- 

lowing a single set of rules, indicated the phonetic discrepancies and agreements 

between the stimuli and the error-responses. These were summarized in the follow- 

ing sets of values: 

a) relative intelligibility-values of the words; 

b) relative intelligibility-values of the phonemes, 

of the words; 

c) relative intelligibility-values of the phonemes, 

incorrect responses -— called preservation-in-error (P— -E); 

d) relative intelligibility values of the phonemes, based up 

foregoing values for phonemes; 

e) a matrix of phonetic substitutions. 

In these compilations, values were determined separately 

medial, and terminal positions within the word. 

based upon the intelligibility 

based upon their retention in 

on the sums of the two 

for the sounds in initial, 

RESULTS 

Tables 1 shows the relative intelligibility scores of the phonemes -— consonants and 

vowels separately — and gives separate values for the sounds in various posrtlons; 

it also shows that part of the score of a phoneme that was derived from correct re- 

sponses and the part that arose from the sound’s being preserved in error responses. 

he initial position of 335 of the 10,000 stimuli. 

By way of illustration, [t] appeared in t 

These 335 words were heard correctly in 50.1 per cent of the responsesithe sound 

was preserved in 13 of the 167 incorrect responses. Thus, the intelligiblllty of the 

Sound in the initial position was 57.6 per cent. Moreover, it should be observed, 

especially in the instance of the vowels, that a high intelligibility score based on cor- 

rect responses precluded the possibility of a high intelligibility score based on the 

Sound’s being preserved in error responses. 
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Table 1. Relative intelligibility, in percent, of the consonants and vowels of 300 English words PREDICTING THE INTELLIGIBILITY OF WORDS ; ' 

of one and two syllables. Partial scores, derived from “words correctly heard” and from “phoneme î . 
preserved in an error response” (P—I-E), are shown; also separate scores for each of the positions in '00" i". .Ï ' ' 15-1; „’ 

which the sound occurred, as initial, medial, and final (I, M, F). ' ' { =._ i f .  

- Intelligibility Intelligibility Phoneme "‘ 
From Correct Words From P.I.E. N‘ Oecurrenoes Intelligibility 9°- Ï 

CONSONANTS ‚' 
I M F l I I M  L F  |_I Î M  | F T I  l F  89- 

t 50.1 63.3 61.9 13.3 18.23 335 994 1548 57.6 76.6 79.1 __..-—--'""" "' m... 
d 61.2 68.2 65.9 12.0 17.3 237 233 805 73.4 80.2 83.2 “"—_ à? E:... 
p 68.7 70.7 62.7 13.2 7.0 588 431 172 80.3 83.9 69.7 _-’_-" 7°" ;Ë " 

b 70.2 90.1 68.0 1.5 0.0 363 132 25 82.0 91.6 68.0 ;; [„ .... 
k 58.0 68.0 63.2 12.4 8.4 591 47'3 332 70.1 80.4 71.6 g . %? 

g 60.6 82.1 — 5.7 _— 206 140 _— 64.4 87.8 -— .; »... 
s 54.6 62.6 49.6 17.2 6.7 828 638 596 69.2 79.8 56.3 '- °°" ' 
z -- 69.3 56.2 6.1 7.0 _- 114 128 _ 75.4 63.2 " / \ /  
1 62.2 77.3 68.6 4.7 2.2 514 212 134 76.6 82.0 70.8 :“. 
v 65.3 78.0 65.1 7.4 6.4 26 228 109 65.3 85.4 71.5 W ”< .::—4 
8 65.0 79.4 76.9 2.7 0.0 40 73 26 65.0 82.1 76.9 „ s…… __ :3 _ 
6 59.0 73.3 66.6 7.6_ 0.0 - 166 _ 169 3. 62.6 80.9 66.6 2 smb… ________ % 
I 43.9 56.9 _— 2.2 _ 107 93 _ 50.4 59.1 — L ;; 
t! 47.6 70.2 46.2 8.5 5.2 63 47 134 50.7 78.7 51.4 « ‚= “â 

d3 58.8 70.5 47.2 4.4 2.7 51 68 36 60.7 74.9 49.9 !;— Ë‘Ï 

h 68.1 93.7 _— 4.5 — 298 44 —— 82.2 98.2 —- egg 
hw 50.0 _- _— ~- — 110 — _— 51.8 -— — _ , _ _: a È 
w 82.3 64.1 _— 12.8 _— 488 78 _- 89.0 76.9 —-— c- : ; ;, _", _ e _ _ ? } 
m 73.0 75.4 58.7 6.6 12.5 342 374 216 87.2 82.0 71.2 _ I _ 2 _ S…“ . 
n 66.2 66.7 72.9 20.6 17.4 246 1516 876 70.6 87.3 932 fi‘ 1 tbs 1 il} i 

— . . , _ _ _ 5.4 7 .  fd ierenteng - :. 

? 56.3 22.2 311.3 g.; 15.3 142 148551 1029 65.4 82.2 87.0 Fig. 1— . Mean obtained intent—81‘3““? °f “rd” °f'one‘and two syl'ab'œ "… "' ' ' ‘i' l _ 
1 63.8 71.9 77.1 14.5 9.3 362 787 323 90.3 86.4 86.4 _ _ . f oun ds ., ' 

j 67'2 76'9 ._ 15'4 _ ‘58 13 _ 70'6 923 '— One fact'that can be extracted from Table l is that Within categorles 0 lis b1 ' ‘1; l Î 
__ ' ca e -  ‘ 1 -  

V0 WELS as plosive consonants, fricative consonants — wherelver the colmpagsslilt: 1:12:25 î : "ir... 
__ . ' ' 'ble that t e1r vorce ess - 1 ;— 

vowed sounds tended to be more intelhgi _ _ . _ _ _ _ t classes _ i: ;; 

o 86.0 74.6 50.0 16.6 _— 315 1863 10 93,0 91.2 50.0 Figure 1 (also Table 2) shOWS the mean relative ln'e'hg'b'hî'y'qfîäî‘qfäînthat ac .: 
— _. .... . -' ° ‘ n m e l  l . " … Ï'z'î‘î 

? 333 23:3 41'4 g“; 26'8 9,3 “5);: 41 3%? 32': 68'2 Of words. A striking feature Of the dat? 11181 thfetïîeeïï; two artifî'cts in Table 1 :: 
1 71.7 65.6 75.5 17.0 14.7 251 1178 442 92.4 81.6 90.2 companies two-syllable words. In the hg 0 ‘nitial vowel is inherently :.- __ 
e 90.0 58.5 85.7 25.7 11.9 30 415 42 96.6 84.2 97-6 became apparent. It would appear from Table 1 that an If th 300 words showed ; ' 

-— _. _ . "' . ‘ ° 6 ‘; “...? ': 32—21- 

; 22:: gg _ g:? "'— 12; 1491;? - 32:2 gg "' more intelligible than a m ed1a1 v owel' "';? gti/25281231 (times as frequently as in ' “::: 

“ 95'9 68’3 _ 13'2 "" 148 452 '" 95-9 81's '— that the initial vowel occurred mttwo-sy a 'e. °1i lues associated with initial ' ~33 

° 88'9 70°? " ”13'6 ' '— 154 475 _ 96'6 84‘3 _;7 one-syllable words. Thus, the higher intelhgibi ty ‚va _ _ t lli ibility values î :“ 

?; 913 "'/à?» 89” 53 w 86 î's'â 16‘6 97'6 33? 9; vowels is at least in part, attributable to the relatlivelyhlihgln e 0d A similar ' "- ”3 
——- . -— . -—- _— -—— —- - . . ’ _ . ° n wit one-sy a e W . ===“ 

u —— 59.6 44.9 13.5 28.9 — 185 69 _— 73.1 73.8 assoc1ated W1th two-syllable words 1n comparlso d' 1 nsonants over initial conson- . 
aU' 74'1 71'1 93'3 ”'4 °°° 31 180 45 83'7 85'; 93'3 artifact relates to the apparent advantage of me la co mmon in two syllable - ; "' 

_ 88-0 “"' - _— --- — -- 33- “" . . . . . - - were more co ' ; * 

:1]: 89.6 56.0 81.3 22.3 14.6 29 3Ê'15 75 93.0 82.7 95-9 ants in mtelhglblhtY- Again, Êed‘al consonants . .:; 1 
Iu — 58.0 ' — 4.6 -— _— o — - 62-6 “"' words than in one-syllable WOT S' _ . . . .  - nt "E‘ ; 

.; __ _- _... __. î .. ~— 10010 - d'ctin the 1nte111g1b111ty of the words undertreatme . 
er 94.8 5.2 19 An optimal method for pre 1 g th ords in terms of intelliglblhty 1n the 1 . 

£ . e w ' = 
“““”; ' Italicized values indicate a statistically significant deviation from chance expectancy; COmPUt' from the values of Table 1 would arrange 

ations based on a minimum of 36 error responses. ° 
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if; TableE2.E Means and standard deviations of the obtained relative intelligibility values of 300 words: Table 3. The standard deviations of the distributions of discrepancies. word by word, between 

â. also Similar values for intelligibility scores predicted by five methods: l) initial sound squared- 2; obtained intelligibility values and ones predicted by five methods: 1) initial sound squared; 2)_101nt 

« JOint probability of the first two sounds, retaining the values peculiar to each position' 3) joint probability of the first two sounds, retaining the values peculiar to each position; 3) Jomt probabil- . 33 

{ü probability Of the first two sounds, using the value for the initial position only; 4—5) joint piobability ity of the first two sounds, using the value for the initial position only; 4—5 JOInt probability of the __ 3 E. 31 . 

% 
of the two and three most intelligible sounds in the word. two and three most intelligible sounds in the word. 33. _ 

fi 

- 

È… ONE'SYLLABLE WORDS ONE-SYLLABLE WORDS = _. 

% 
Sounds 2 3 4 5 ___S unds 2 3 4 5 __ 

“= 
0 

- : 

% N. words 10 73 59 11 N words 10 73 59 11 E _ j _ 

E; Obtained M 573 5 , 
"“ 

î 
can . 8.5 ' 52.7 _ Î 

€?" ‘ ;: 

a: Value SD. 26.3 18.9 17.4 iii Obtained 263 18'9 17'4 17.2 .* r“. 

“$$: 
° Predictions: 13 3 34 76 

Predicted MethOdl 8'6 ' ' 5'9 

1- 

2 14.3 12.7 10.7 . 
__3 . . an 

Values 

MethOd 
2 7 

_ EEEIE __ __ 

:— * M th d l  ' Method3 8-8 13-2 12'9 ° iè‘é 

E e 0 Mean 62.0 57.4 57.9 54.8 Method4 7.0 _ 12.5 12-3 7-6 E ___: 

E S.D. 22.7 17.4 16.3 18.8 Method 5 14.8 13.1 15.5 10.2 __ =E . È 

_ a; Method 2 g/Igan 1155.4 62.1 62.3 60.4 
E E ___}: 

. ti; . . 1.1 10.2 12.9 . 
' 

% Method 3 Mean 65.0 67.8 66.0 52.15) TWO SYLLABLE WORDS „ ”. ‘ ?. .î:$* 

, ;; SD. 9.8 11.9 13.8 14.8 4 s 6 7 1331; .: 

g.; Method 4 Mean 63.1 66.7 65 4 59 2 &s 3, 37 61 35 10 ' l 

ËŸ-Ë SD. 7 0 8 1 9'3 9 8 N’ words ——- “: 

' ff; Method 5 Mean 63.4 68.2 . . . - 9 5 3 

SD. 11.2 10.1 iii ii: Obtained 16.1 17.9 17.2 16.7 1 . __ ___ 

“£ 

. . . 
Predictions: 

4 15 ‚7 ' 
_ __ E IE _ È. 

; 
Method 1 16.1 11-3 9'9 135 9'8 » 

?; TWO—SYLLABLE WORDS - "Method: ' ' 14.3 10.5 8.8 1 .3 5'9 ' ; ;. 

gg: 
Method 3 9.9 11.0 9.8 9. . - 333 _| - 

g... 
4 5 6 7 Method4 o 101 . .. 

“ï. - N' “…d 4 . 37 61 35 10 Method 5 14.1 _ 11.1 15.1 _ 9- _ - _ '::'% ‘a”: ' 3}: 

% 8231331166 Mean 72.7 75.8 70.6 68.9 69.6 . 'b'lities | |  “ 

ff ' S'D' 16" '17'9 17°2 16'7 19.5 of joint probability. This method remains plau81b1e -— although othätOSSI ihods E ‘| . - 

Ë . 
PrediCted 

are not yet excluded — and is referred to in Tables 2—3 as Method 2. t er me 
__ 3 _ E: 

% Values 
that are included in Tables 2—3 for comparison are as follows. 

__ . _ 3 - 

. „gg; 

_ . . . . . 
-t _33 E |___ 

E732»? Method 1 g/IÈan 86.0 77.1 67.2 63.9 59-0 Method 1: the intelligibility of the initial Esound squared, unds using the .EE'E _ ___ 

...; Method 2 ne... 3113 ii?) èÊ'Ë iii ÉË’Î Method 3: joint probability (intelligibility) °f the a... “”° 5° ’ ' ‘ î 

% M th d 3 SD. 11.7 9.5 9.8 9.8 7.2 value of the sound in the initial posmon (3111131; st intelligible sounds __3 3 E I; 

?? ° ° Èîâan fig 71.0 70.4 64.3 63-: Method 4: joint probability (IntelllglblhtY) Of the two “‘0 

"'? ° - . 9.2 9.8 8.7 1 . . 
« - 2;: ' 

g2; Method 4 Mean 67.5 5 650 m the word; . . . . . . . mm ds . EE 

? 
s.)). 8.8 67:: 63:: 62333; 8.3 Method 5; joint probability (intelllglbility) of the three most intelligible s _ IE 

_ Ê— Method 5 Mean. 55.4 65.3 68.1 64.0 55.8 in the word. f . d en den c e ' 

Egg; 

. 
f ' :! . ’  E 

_ "ga: S'D' 16'6 9‘9 1°“ 9‘4 22'3 The first statistical procedure applied to the data was a test o m 81; t the ' 

ëÏË 
__ between the predicted and the obtained values. This waE:1 appllgd sepïatîlî'd :gain I 

î . - - - 
- ‘ es an soun 8, 

Î order Of the1r empirically derived values, would re-establish the dispersion of values several groups Of words as determined by length 111131131; words pooled. The hypo- _ 

È present in the empirically derived ones, and would. as a consequence of these two to the one-syllablc words POOEed and to the two-Sy exee t the separate category of i 

ë“;— criteria, show no discrepancy between empirically derived and predicted values. thesis of independence was related m all mstances p ' ' 1 ?. -._ ': 

“"-34 ° - - . . . . .  
lîîiîï : ': 

È… Earlier efforts at predicting word intelligibility have pointed towards the formula two-syllable, five-sound words. d , 3301336 d computing the discrepancies between . _ 31 _ E : 

. t; of usmg the intelligibility values of the first tWo phonemes of a word in the manner The second staustlcal proce ure m |3 '_ … l 
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354 ' JOHN w. BLACK 

empirical and predicted values, word by word. These data are summarized in Table 2. 

The diminished variance in the distribution of disparities relative to the variance in 
the original dispersion of obtained intelligibility scores is a hopeful sign that the 
product of the intelligibility values of the first two phonemes of a word provides a 
helpful estimate of the relative intelligibility value of a word. 

The preceding results are in keeping with an assumption that the member phonemes 
of a word contribute to the distinctive character of the word. The concept and data 
relative to “preservation-in-error values” relate further to this matter. The under- 
lined values in Table 1 indicate the sounds that were apparently guiding stimuli in 
the selection of the error response. Thus all of the medial vowels appeared in the 

error responses with a frequency that exceeded chance; also particular consonants, 

especially the plosives and [r], [1] and [3]. 

SUMMARY 

This study represented an economical approach to the task of determining the re- 

lative intelligibility of phonemes and then predicting the relative intelligibility. .of 

words from these results. A small number of common English words was used; 

a single listener replaced the usual listening panel; the listeners described their own 

errors in listening; every response contributed to the outcome, i.e. no response was 

treated as bizarre or anomalous. The results seem to confirm and strengthen the 

possibility that the intelligibility of a word relies upon an amount of intelligibility- 

information equivalent .to-the joint probability. (intelligibility). .of.the...first..two pho- 

nemes of a word. 
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