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.! 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. ’ S '

The foregoing relationship is straightforward in treatments of nonsense syllables.
Although a particular sound may be 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 (flubs) 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 methodology?: a) two sets of approximately 600 words
each were responded to by 200 listeners; b) word- 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. Nonr-495(18) NR 145-993). » . :
* John W. Black, “Predicting the Intelligibility of Words,” Folia Phoniatrica, 12:260-272 (1960).
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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
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Table 2. Means and standard deviations of the obtained relative intelligibili

§1§o similar Yz}lu&s for intelligibility scores predicted by five methods: gl) ileitt};:la:gisngfs:‘ot?awgr'd;;

joint pl"o_bablhty of the first two sounds, retaining the values peculiar to each positiorcll' 3r)e"’ )

probability of the first two sounds, using the value for the initial position only; 4-5) joint px',obalj:i)ll'ltlt
of the two and three most intelligible sounds in the word. Y

ONE-SYLLABLE WORDS

Sounds 2 3 4 5
N, words 10 73 59 11
Obtained Mean 57.3 58.5 52.7 56.1
Value S.D. 26.3 18.9 17.4 17.2
Predicted
Values
Method 1 Mean 62.0 57.4 57.9 54.8
S.D. 22.7 17.4 16.3 18.8
Method 2 Mean 65.4 62.1 62.3 60.4
S.D. 11.1 10.2 12.9 8.5
Method 3 Mean 65.0 67.8 66.0 54.0
S.D. 9.8 11.9 13.8 14.8
Method 4 Mean 63.1 66.7 65.4 59.2
S.D. 7.0 8.1 9.3 9.8
Method 5 Mean 63.4 68.2 65.7 56.8
S.D. 11.2 10.1 121 11.6

TWO-SYLLABLE WORDS

Sounds
3 4 5 6 7
N, words ‘ 4 | .37 61 35 10
Sslts;ned Mean 72.7 75.8 70.6 68.9 69.6
. S.D. 16.1 17.9 17.2 16.7 19.5
Predicted
Values
Method 1 galgan 86.0 77.1 67.2 63.9 59.0
.D. 1.0 17.3 152 17.4 12.0
Method 2 glle)an 81.8 73.0 66.8 67.1 65.4
.D. 11.7 9.5 9.8 9.8 72
Method 3 gdle)an 64.2 71.0 70.4 64.3 63.9
.D. 14.8 9.2 9.8 8.7 103
Method 4 g/lle)an 67.5 65.9 68.3 65.3 66.0
.D. 8.8 7.3 7.2 6.3 8.3
Method 5 Mean 554 65.3 68.1 64.0 55.8
S.D. 16.6 9.9 10.1 9.4 223

order of their empirically derived values, would re-establish the dispersion of values
pr.esel'lt in the empirically derived ones, and would, as a consequence of these two
criteria, show no discrepancy between empirically derived and predicted values.
Earlier efforts at predicting word intelligibility have pointed towards the formula
of using the intelligibility values of the first two phonemes of a word in the mannet
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Table 3. The standard deviations of the distributions of discrepancies, word by word, between

obtained intelligibility values and ones predicted by five methods: 1) initial §qund sqyafed; 2) joint

probability of the first two sounds, retaining the values peculi‘ar to each position; 3) joint probabll-

ity of the first two sounds, using the value for the initial position only; 4-5 joint probability of the
two and three most intelligible sounds in the word.

ONE-SYLLABLE WORDS

Sounds 2 3 4 5
N, words 10 73 59 11
Obtained 26.3 18.9 17.4 17.2
Predictions:
Method 1 8.6 13.3 34 1.6
Method 2 14.3 12.7 10.7 5.9
Method 3 8.8 13.2 129 2.7
Method 4 7.0 12.5 12.3 7.6
Method § 14.8 131 15.5 10.2
TWO SYLLABLE WORDS
Sounds 3 4 5 6 7
N, words 4 37 61 35 10
Obtained 16.1 17.9 17.2 16.7 19.5
Predictions:
Method 1 16.1 11.8 9.9 14.4 15.7
" Method 2 ' 14.3 10.5 8.8 10.5 9.3
Method 3 9.9 11.0 9.8 9.1 5.
Method 4 79 103 . 10.9 9.8 5.7
Method 5 . 14.1 ) 11.1 15.1 9.0 10.1

is method remains plausible - although other possibilities

joi ility. Th
of joint probability 3 as Method 2. Other methods

are not yet excluded — and is referred to in Tables 2-
that are included in Tables 2-3 for comparison are as follows:
Method 1: the intelligibility of the initial sound squared; _—
Method 3: joint probability (intelligibility) of the first two sounds, using the
value of the sound in the initial position only; . . ;
Method 4: joint probability (intelligibility) of the two most intelligible sounds
in the word;
Method 5: joint probability (inte

in the word. .
The first statistical procedure applied to the data was a test of independence

between the predicted and the obtained values. ’ljhis was applied separatelydto t1.1e
several groups of words as determined by length in syllables and soun(clis, ;lrll ;gan’t
to the one-syllable words pooled and to the two-syllable words pooled. e ypof
thesis of independence was rejected in all instances except the separate category O

two-syllable, five-sound words.

lligibility) of the three most intelligible sounds

lved computing the discrepancies between

The second statistical procedure invo
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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 [s].

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.

"The Ohio State University

~ © ebonn e AT LT




