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SUMMARY

Approximately 3500 commion one- and two-syllable words were transcribed
phonetically. The sequences of speech sounds were znalyzed in terms of (a)
the probability of eech scund, (b) the conditional probability of each pair
of sounds, and (c) the joint probebility of each digram. The maximm infor.
matica (H) per symbol in an alphabet of 41 symbols (the mmber treated)

would be 5.35 bits (Fp). In the sample studied, the obtained values were
k.15-5.Ch bits (Fy) and 3.35-4.21 bite per symbol (Fp). Some traneitionsl

probabilities reached 0.33, Among words of e particular length in syllables,

the words of few socunis contained the higheat informaticn value per symbol.

Digrams of greatest conditional and Joint probabilities are enuwrerated
ian %ebles.

INTRODUCTION

Knowledge of the statistics of the English langusge is limited and the
gecoe of the topic forbidding, Inroeds are exemplifed by the works of Thorn-
dise {18,15,20), Tewey (6), and Pratt {1i). Thorrdike's concern wes the
frequency of usage of the word in pwinted langusge of "common knowledge™.
Other tabulations of words are availahle. moot ~f them word counis of the
language of special groups, particularly of age levels {1,4,5,7,8,9). This
approach to language, aside from arn applied connotation, focuses upca the
erobatility of a word.

Dewey added phonetic tebulations, or "sound counts,” and syllsble tabu-

tions to an emumeratior of the frequency of commor words. His werk formed
2 basis for the developoeut of a sysvem of chorthand. As Morse ccde
devotes minimm space to the frequent ietter e, so efficient transcribing of
acoustic language by shorthand is facilitated when simple characters repre-
sent the most frequent units cf speech. Voelker (21,22;23,24,25) educd
reievant studies that were ie=s extensive than Dewvey's, These irvegtigations
permit statements of the prooability of smeech scurnds,

a
4
th

Fratt, in the coziext o cryptography, emphasized the aspect of prob-
ability with respect to letters in printed Ernglish. In additiom to the
frequency of single lctters and their cccurrence 1n initial and terminal

positions in words, he determined the relative frequency of digrams and
trigrams and emmerzied the more freguent trigrams,

1 pratt used bi to denote a palr of letters. Digram iz in current use.
Dtgram may seem 6 have appropriatenese for writteﬁ'ga_n—guage » DOT spoken
Ianguage. However, the word has been accepted by electrical engiucers in
reference to pulsas, etc. Since the mesning of digram has already been “"ex-
tended", since diphthong is not available for the present meaning asd 2 new

word such as biphthong would be cumbersome, igram is used here to mean two
sounds.
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Among other approaches to the statistics of language, Newme=n (13) ap-
plied a.utoccm".ation techniques to the vowel-consonant sequences and Lotz
(11) and Menzerauu {(i2) developed graphical representaticns of "frequency of
occurrence”, Information theory (17.26) provides another technique for
quantifying lauguage. This methodolney includes {a) & unit of measurement.
the bit, (b) = point of view that is intuitively valusdble, "the reduciion of
ance?t?inty" , and (c) a mathematicel treatment. The receiver or listener is
viewed as being in a state of uncertainty about which symbol of a prescrided
get he i8 to receive., If the symbols (scunds, letters, words, etc.) contri-
bute equally to reducing this uncertainty; the symbols vwill be operating at
the limit o their possibilitiec insofar as information transmission is con-
cerned. This high efficiency of informaticn transmitted per symbol could
obtain only with independence among the syztols, i.e., with no “iriersymbol
influence”, and if the symbolz did occur with egual prebability there would
be no intersymbol Infiuence. A circumstarce ia which each symbel of the
collection of symbois has an equal cpportunity of occurring rnext does not
Cbbain in any aspect of rmglish: letters are not equally frequent, sounds
are not equally proboble, scme words do not ordimarily foliow other words,
ete. Information theory aansesses informetion per symbol ag the amount by
which uncertainty is reduced on the average on receiving the sywbol. The
guantitative difference between the muximm information zer symbol and the
actual information per symbol, divided by the maximum ¢mormauion per symbaol,
is called redurndancy. With no redur.da.ncy in the lensvage, each symbol would
occur with equal provability; and as the intersvmbol influence increases or

the probahility of one symbol approaches unity, the redundancy of the langu-
age apprcaches & maximm value of unity.

PROBLEM

The present study iz = "finge- cxercise" ia applying elzmentery tech.
niques of information theory to phonetic prowebility. One- and two-syna‘ble
i2olated worde were sarmpled with respect to In\ the relative frequency o
speech sounds, n(i) /tu be read "the probability of :ound i"), (b) the rela
tive frequeacy f occurrence of the sounds at different positions in the
werd. (o) the vrebebility of two sounds occurring in succession, p(i,J) (to
be read "the joiu$ probability of a sequence of sounds desi ted 1 end §"),
(i) the provability that one sound follcws anotber, py (1) (read “the con-
ditional probability that scund _*,_ follows sound 1i"), and () probability that

£ icmewd eed 17 aa, (e AAEA = 1) fpena "L i i14icnal prebatility thas
L] U\ (S TN L B y;c—\-\.uc m‘vvw.& , P \-& ’ \Li- wWrhilA W o NP A A y& NS o A o b W WLAMY
sound 1 precedes scund j" )2 ﬁ&rds of oms a.nd two syllables amrl of dirtering

2 At first thought, it may appear that values d and e snuu.b. be idertical.
An analogy will make the disparity clesr., In ord.in&ry spelling, p4(;] t)
equals unity when the i-symbol is the letter g end tne j-symbol. is—the
letter u, for ¢ is always followed by the letter u, =& in quay, quiet, etc.
However, as one "reverses his fleli" and starts backwexrd from the letter
u, he finds that many ietters may precede it, as inte, rule, etc. Thus,

2’1(3) < 1 vhen the letter u is the j-symbol.

2




mmbers of sovnds were treated separately. The principai obJective was to
estimate the ‘mformation of sounds and digrams. This would leed to an esti-
mate of the redundancy that might beé ascribed to the phonetic structure of
words. A seconiary objective was emumersative, to find the probability of
the sounds aad digrams represented by the sample.

The narrowness of the problem 1s emphssized. The samplie was not contin-
uocus languags and it might be regsrd~d ss zero-order approximation to the
languaze cof sveech, i.e.. an array of words not welgh Yy r prob-
ability. In contrast, the studies cited above, e.g. 6, 11-14, 18-25, in-
volved first-orxder spproximations to lanjuage, words weighted by their
frequency of occurrence. Thus, interpretation and application of the
present results z-e 1li."t7? *n matters pertaining to single vords, for
example, words ithat sin sometives emwerated ea oral drille; singularly
loaded with a phoneme in three positions: initial, finali, and "pedial”,
Should the drill-makey wish to employ probable =ad improbeble phonetic
enviromments for the phoneme, based on an wweighted population of "root"
words, the nresent material would be relevant,

PROCEDURE

The sample of werds included 1549 of one syllable and 2151 of two
syilables. They had been selacted from 'iords of Thorodike ratings 1-10
through excluding homonyms, homographs, and words of gieatest and least in-
telligibility (imcluded: > 20% < 80% when heard through headsets in high-
lsvel noise and recorded as write-dowm items). The samyle was availsble with
the phonetic spellinge entered on IEM cards (2). The repressntativeness of
the selected sample with referance to the Thorndike list was checked in some
particulars. For example, the proportion of imivial letters hed not been
altered beyond "chance"., However, words of two sounds among ore-syliable
words and words of seven or more sounds among two-syllable words were dige
proportionately infrequent. %The principal analyses were applied to five

categories of words, designated by an asterisk ir the following summary of
the sample:

Scund- 1 Syli=ble 2 Syllable
3 91 .-
3 7% L7
‘\+ L0 528*
5 151 T65%
€ --- 555%
6 - 256
3




A major limitation of the sample would seem to lie in the fact that the
words were only root forms, present tense, etc.; =o plurzls, etc.

Three gstudents of speech transcribed tiie words phonetically; two had
taught phonetics. All used General Americanr prominciation. The work of
each transcriber was reviewed by the remaining two. The 49 sounds that were
used are indicated in Teble 1.* They included four syllabic sounds, (1],

[r] ,[m], and [n]; these reduced the shwa's of the alternative transcriptions
121}, [3x], [om]or [anj. OSubsejuently, because of swell numbers of entries
in some cells the populations of some related soumis were pooled: all sounis
of an r character, Irj, jah [3), [31; [e] and [e); {%end [o]; [1] and [1],
(m) ar2Tm], and [nJand[p] , reducing the categories to 41, The TBM cards were
dichotomized by syllables, sub-sorted according to mmber of sounds, sorted
within each category for the presence of each sound, and re-sorted for each
sound adjacent to each other sound.

The procedures of informetion theory assume that a sample is repre-
szatative of an infinite populaticn., This asswiotion is rarely fulfilled in
studies of language. For example, in 2 etudy of vocabulary involving nearly
a third of a miilicn words uttered by college students in classroom speeches,
one-third of the 6000 different words were used only once (1).

in o sample of contimious speech each scurd would be both an i-sound
and 2 j-sound in successive digrams. However, the trmrscriptiom of rumning
speecr would either include a spoce =t the end of & wvord or reserve the
space Tor arbitrarily defined pauses. The space mighkt be treated as a aymhol
in which case each sound would be, as stated above, both 1 and j at different
times.3 This condition would obtain if the discreteness of each word were
presarved, Por exeampls, in e three-gound word only the first two sounds can
be i's and the last two j's and only one sound can be both 1 and ) in treat-
ments of the digrams. 18 night be called an end problam and it occurs with
each word in the population. In the word top, [ta] andlap] are {i,)) digrams
but there is no opportunity for[t]to be j nor forfp)to be i if the word is
treated gingly. Thus, in determining the average informetion of digrams, the
number of sounds from which the (1 ,1) digrams were derived in each category
of woiras wae mwiber cf ghonewss in the words mimis the mumber of words of the
category. Shannon reﬁaﬁa the Tdcantity of the word in %i5 work, noLing, A
word is a cohesive group of letters with atrong internal statistirel
influencez..s«"(15). A consequence of this treatment is the possibility that
information vajuss of i's and j's will differ 1f scuci: cccur with differing
frequcucies ip initiel end final positions.

* The phonetic alphabet appears with illustrations in the Appapdix,

3 During the writing of this paper the author hes received from John B.
Carroll (3) a progress report on & etudy of urcbabilities of English
pionemes. He treats a sample of continmuous language with a spece or 27th
letter occurring between successive word:,

3




A model for arranging the raw scores for the camputational procedures
relative to each category of words follows:

Sound (i) follnwing sound (i)}

1 2 3......000..(3).00.00..900)"1
1l nn n1200000$ooooooeoe=oo nMOOOOvooooonl(z‘_l)
2 ¢
3 .
3. )
3 . X
§ (1) nilooooooooooooooooooooooe;eoonidoooooooooooni(ul)
i M ’ n

(qi)l:;ae-oooooooooooovoooooon(ul;jaiaooooo ()51)(2‘1)

Four probabilities were determined with respect to each category of

words:

py(1)

1 | (1)
s
Dy (2)

P

p()ps(J) (3)
il 5
=

K52




RESULTS AND DISCUSSION

™yo oblectives were stated sbove: {a) to estimate the informstion '«
the sound and digrams of words, and {:) to emmerote cert=in phoretic prot-
abilities,

A method of estimoting average imom&t.inn suggested by Shamaon (15,16)
mey be applied progressively through (a) "a circumstsace of no imtersymbol
infl*‘enc“' (b) a condition that represents the frequency of each evznbol,
{(c)...0f ech digram, {3d) trigram, etc. In his notation, ¥y, F.,
represent successive estimate: of H, each succeeding one d;'ge d frcn a
more ccaplete account of the alat 1stics of the languege. Thus, in the
present applicatica, Fn; Fj. ard F, appraise respectively (a) equal 'prob-
ability of all sounds; (b} observed probability of all sounds. aud i) e
served rrore,bility of all sourds in digrama, The relevant formilas for
determining the average information per symbol follew, with illustrucive
ccmputatious to indicate that with uo intersymbol influence and with sgucilly
probable sounds, the solvtions for b and ¢ would yleld the same value as a.

Fp = logoN or (5)
= -log, -1 = ** bits per sound
Ly
P o=- % 2(1) 1og, pl1)or (6)
2 41(:2306) = 5.35 bits per souad
B, = - izi 2(}_..1) logp Pi(4) (7)

- = p(i.]) dogp, p(4,3) # L 2(1) 1ogy p(1)

=9

412(0.00637) -41(0.1306)
10.TC = 5435 = $.35 bits per sound

Tie Toregoing crsputations 1llustrate the application of three of
Shannon's formulas for the calculation of average information per syubol.
The naximm average information per digram would be double the value per
sourd, 2(5.35} = 10.7C vits. However, to muintain = vasis for essy courpaxi-
son the prnnem results are stated as averags inTormation per s,q_ugg“.

To the evtent that the sounds of the present samples do not occur equally,
the average inform-tion per symbol is attenuated from 5.35 bits. Formmla _6_
(sbove) was applied to both the i and ) sounds of the éigrams of tihe words of




each ca.tegory.l" Fivat, the formula was applied as written, arnd then wasg
altered through substituting j for i. The average iaformation per sound in
bits and the average redundancy f£oliow:

H or F, (bits) and Redundancy (R)

e

one-syilakle worda two-syllable words
i-sounds J-sounds i-sounds J=-sounds
bits R bits R bits R hits B
3-sovnd 5.04 .06 k.65 .13
h_sound L5 .22 Lo .17 4,68 .13 L,31 .19
5=-sound L.48 .16 h,15 .22
6-sound L4Wo 156 W.33 W3O

Shennon explains that the information of a digram is either equal to or
less than %#he sum of the iaformation of each of the symbcls of the digram.
Egquality can obtain only in the evernt of ne intersymbol influence as in the
1llmstrative computation in fermulas 6 and 7 (ebove). Thus. the average in-
formatlion per symbol in the digrams of 3-sourd words would be expected to be
= less than 5.04 f 4.65, or 4.85 bits. Computeticns of the information of the

digrams yie...ded “the following average information per syrbol and the indicated
values of mci\uhencv-

F, a8 an estimate of H (bits) and redundancy (R)

cne-gyilable words two-gyllable words
| bits R bits R
i 3-sound .21 .21 -——
| k-sound 3.35 .37 3.89 .27
! S5-sound -——— 3.89 .27
: H-gonmd ———- 3.75 «30

" An earlier discussion explained that the mmmbers of each sound treated as
“¢igram-sounds" wer: sttenuated because of the end problem. However, for the
sake of comparison, all of the socunds of all categories of waords were pooled
and the average informaticn per sound determined. This yielded L.46 bits per
sound.

-




First, the trend i3 obvious, both in the calculstions of the average in-
formation per sound of tue digrems and of the digrams themselives. that the
symbols of the "shorter" wordsz corvey more informetion than do those of the
"longer" worde,

Second, in four of tne five instances the average informetion per sound
wan greater when ccmputed on the basis of going from “sovwd i to tne follow-
ing sound j" thsn vice versa. In the "on-going" circumsiacce the final
gounds of the words were by definition j's &nd uever i'e' in the "backward
looking" instance the initial sounds were only 1's and pever J's. Thus, one
might conclude that the initial sounds contain more irntormmtion than the
finel sounds of words and also that a "preceding” sound conveys more infer-
matiorn on the average than a "following™ sound. This backward look at a
supposedly on-going phenomenon ie somewhat irregular. I is remindful of
the changes that are introduced in the identificatior 2f the phonetic
character of a preceding sound in synthesized epeech by the modification of
a subsequent sound (10)-

Third, the phometic structure of language is such that some scurds tend
to re adjacent more frequently than others. Hence, the average infcrmstion
per sound in digrass 1s less than tne average information per socuni when the
sound is treated as an isolated unit (although iv a positior to be either
member of a digrem). The decrements in 1nf0rmt10n fromz {(a) maximm or F,
to (b) observed average bits per symbol (i £ j) or Fy, to (c) observed bi p

s

per "digram symbol” or Fp are in the various instancess’

(a) (v) (e)

3-sound, 1 syllable 5.35 4.85 h,21

4-scund, 1 syllable 5.35 4.22 3.35

h-sound, 2 eyllable 5.35 4,50 3.89

5-sound, 2 syllable 5.35 b,32 3.89

6-sound, 2 syllable 5.35 b,37 3.75
E;F““ere ils general interast in Lthe cmount of loess in efficiensy of 2 language

through redundancy, The present values relate to an assumption of maximum
utilizatiorn ¢ a system of L1 auvmhnla. The second and third values of Row
one could be schieved with 29 a.nd 19 symbols: Row two: 20 snd 10 symbols:
Bew threc: 23 and 15 symbels; Row fouwr: 20 and 15 symbols; and Row f£iv

21 and 14 symhala. This circymatance would, of course, presume agui-prchbable
use of the symbois. The listener would have ac clue withirn the word about
what sound was coming nex% and the vocebulary would irclude all permutations
of, for exampie, [dal] inciuaing fald] {lad] [lda] [dla] [dall [adl). Ob-
Wowb as redurdency is "ﬂduced, ‘“he requircient for accuracy in symbol-by-
aymhol reception grows larger,

Co




On the basis ~f the above numerical valucs, the present phonetic code
is being emplored with relative efficiency :n monosyllables of three sounds.
Possibly the generalization is warranted thnt the efficiency with which the
phonetic structure of English operates decreases witain words of a particular
8y¥llabic length as the mmber of sounds increases.

The sezond set of results of this study epplies a "Zrequency-of-
occurrence” tabulation of sounds %o the "mono-freguency" sample of words.
For examnle, Table 1 summarizes an enumeration of the -'=1ative fregquency o?
the b3 ssunds iu tne population of words wilh imitial, “"medial", and rinsl
sounds treated separately. The table indicates the probabillity of each of
the sounds among a population of initial sounds, a population of "medial"
soundg, and of final sourds in a non-repeating, dictionary-like group of
one~- and two-syllsble words. In this instance there is no "end problem” and

L all of the phonemes of the words are representzd.

(ne method c. tabulatics might show the proportions with which each
phonene succeeds each other phoneme, these being so arrenged that the rows,
for example, would represent the 1l-sounds; and the cclumns

clumis, the j-scunds.
Frequency or proportion of joint occ""rence would be indicated and this
"cell" value would state the probability that the sound J follows the sound
in one- and two-syllable words of various numbers of soutnds.
"Ea.bles could pe read vertically through the colwims to find \_‘, or the
probebility that an i-sound precedes an observed j-sound. Sgg‘h tavies,
though available, tend to become excessive in aize. Accordingly, the more
_ frequent combinatlicns have bean extracted and gppear in Tables 2 and 3.

Thac same

PN -2

‘These two tablies are not to be interpreted as listing the most frequex
of sounds in the words. Thie emmeration appears in Table I
in Table 2 relate to transitional prubability:

t pairs
The entnes
if i-sound occurs, then the
chances are at least one in 10 thet J-sound will occur. The i-scunds stand

[

I

{

l\ before the colon. Table 3 is similar to Table 2 except that the transitional
|

|

l

|

probabilities are based on m(i) However, the l-scunds again are before the
colon as in Table 2.

Table L, €2 described sbove; liste the most frequent digrams in terms of
Joint proovabiiity. The table emmerates the digrams that have at least a
prohatility of .,003 each.

A feature of digram prcbability that is ievesled by treating words of
. varioua lengthe separately is that different transitional nrobebilitiss occur
' with the sume digrams in the different categories of words., The uine iscliated
' exanples that follow sre selected from the 41 x L matrix to illustrate this
‘ voint. In these nine exampies, the J-sounds appear over zach examplc and

b > IT ‘Ll
p 1‘.,\.41*.:’3 at the lseft side,
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l-syllable 2-sylleble 1l-syliable 2-s8yllable l-syllable 2-sylilsble

Example 1 Example 2 Example 3
(sl (x] f1l
-sound 0.7 3.7 2.2 _
-sound (,; f.9 x.9 9.3 k.5 39.k 0.6
5-sound ~ ° 1.6 1) 17.5 sl 2.1
6-socund 17.8 15.8 6.1
Bxample b Example 5 Example 6
) (2] ]
3-sound = 6.6 5e2
h-scuna 13.5 0.6 _ 6.6 8.9 11.5 1.9
5-sound  [s 2.1 {11 4.7 [l 2.1
6-sounc 6.1 17.8 4.8
Example T Example 8 Example 9
] (1] 1
3..cound 3.7 5.2 2.2
L. sound - 12.1 701 l‘gsl 207 8.0
5-sound  [d] 13.C {r? 22.3 (41 10.3
6-30‘@ 1209 2107 803

‘The five values of zxa:"n"o 7 fﬂr i.rtance, indicate that in three-
scund words, the particular

I Tl Eollowed the parvicular i-sound with
only ome-seventh the probe “.:t" that the same Jj-sound followed the same
i-sound iz 2our-scund, one-syllable words. This veriability is even greater

in two-syllalle words. If the two-syllable word of this example contains

six sounds, the prcbability is nine times as great as if the word has onliy
four sounds thst when i occurs, j will follow.

EEMPLIFICATION AND SUMMARY

From a non-repeating population of root words a listener might hear a
sample oi sive words, one of each of the five lengths tlat have heen treated
here. There is a biaaed probability with respect to the a.coustic eveuis in

each wnwl. Thea warAda mi —-‘- hon*n with +he 2ive moot § .;."‘-;‘\‘\.wuv inatlal soumdis;

isl, ikj, lp], [»], and [r] The mo&$ probable sets of accustic events in
the fixe words, together with their probabilitiea are: [sut], ---, 0,152,
0.154;° Pixren, ---, 0.255, $.103, 0.2580; (piebr!, ===, 0,197, 0. 292, 0.157
@l 157 20:1 the basis of one-cyliiabie proba.bilitle&“; bit1], ---, 0.240, 0.1
0.195 (on the basis of two-syl'able probabilities}:[Irrsrtrr], ---, 0.219,

A

Sy way of further explanation, in Viree-sowni words, [sjhaving occurred,

[ulhas & probebility of G.152 of occurring rs the next sound; and [u] having

occurred, [t) is the most probeble succeeding sound with A probebility of
0.156.

10

S o~ =3 ——— SIY S, =

SR

S Rl ] . SN ALY MY ST TR R W g S



0.173, 04335, 0.345, G.219. Similar procedures originating with the five
most frequent terminal sounde yield the fcllowing resulis (reed the prob-
abilities from right to left): ket , 0,113, 0.118, ---;Tfaren], 0.118,
0,183, 0.135, ~--; [tetet), 0.125, 0.146, C.125, 0,146, ---; [rimb], 0.169,
0.178, 0.227, ==-; [rrstri], 0.220, 0,273, 0.242, 0.iB5, 0,220, ~-~. The
exarples indicate that in a sequence of English phonerxs there are transi-
tional rrobabiiities of an order to indicate at lzast one chance in 10 that
3 parivicular sound will be next and that these chances may exceed one-in
thres in some sequences.,

In summaery, the phometlc elements of English in root forms of words
have dissimilar frequencies in the language, both in isolation and as
digrams., These frequencics are not independent of the preceding and
succeeding sounds, When the adjascent sounds arc treated as pairs, the
average redundancy is st least .20, and within the cstegories of words

8 led reached .37. The scunds of words of three phonemes contain more
p
average Information per scund than do the scunds of longer

¢ and e
N & WWAMD e
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T In this inctance, [U) is the selected fiaz) sound, In three-sovnd words

the most likely sound to precede[t] is [&] and the provability is 0.118;
in turn, the smmd wost likely vo precede (@) fa Tkl 0,213

i 00113,
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Telble 1. The proportions of initial, "mediel", and finzl positions of words
of different lengths thet contain the i»dicated sound. The proportions
appear scparately for l- and 2-syllable words. head as chances in 1C0.

iritial medial firal

l-syllable Z-syllable 1l1-syliable 2-syllable i-syllable 2-syllable
% 0.20 Oe .10 2.12 Ge60 0.09
I 0.5C 4, 7.50 10,71 9.16
e~e7, 0.30 0.37 4.60 2.53 1.30 1.92
€ 0.50 1.02 5.30 3.93
® 0.50 1.07 7.20 2.97 0.2
@ 0.50 0.84 k.50 2.79 0.10 0.09
) 0,10 0.79 32.50 1.70 0450 0.05
o-ov 0.40 0.88 4,10 2.08 0.80 1.59
° 3.95 507 0.51
A 0,10 0e37 5.50 2.25
I¥rYr 4,70 6.56 15.30 10,06 3./0 16.87
u 0,10 3020 1:1'!'6 0.80 0.’42
v 0.30 0.17
or 0.10 0.1k 0.50 0.20 0.30
av 0.10 0.51 1.90 .61 0.3C .08
al 0.12 0.28 390 2.28 1.20 C.56
Ju 0.10 0.4 0.30 046 0.10 0.23
P 6.&:’ 831\) 204\,‘ 2e69 5.80 0079
b 8.60 (.98 1.78 2,00 0.61
+ 6.60 4,75 2.60 5.75 17 .80 k49
a 500 6.05 0.20 2,86 3,80 6.82
k 2.10 8,52 2.10 3.33 8.70 Z48
g 6.20 2.93 0.10 1.17 2.2 0.19
£ 7,00 5.87 0.20 1.75 2.60 0.70
v 1450 1.7T7 0.20 1.44 2.70 1.03
o] 1.50 0.79 D22 2.60 0,56
% 0450 0,33 n.32 0430 0.05
g 16.90 10.57 2.80 446 6,20 8,27
z 0.10 0.X 0410 C.9%4 3¢50 2.06
h 3.00 0.7h 0.79 1.50 1.17
3 0.05 0,09
h 4,70 ,0% 0.7
t$ 1.70 0.38 0.43 3.90 0.33
a3 1.30 0.88 064 2.50 1.96
m-m 3.60 5.35 1.30 3,00 4,80 2.34
n-n 2.40 1-T7 5010 7.12 €.50 10.93
1-1 4.3 3.91 7e20 5.86 6.20 11.59
w 3.80 2.69 1.90 0.92
hw 0.80 0.42 0.07
3 0.60 2.00 0.23
|j 1.20 0066 lo% 2.01
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Table 4. An emmeration of instances in which aigram probabilities i

of one- and two-syllable words of ali lengthc pooled exceed .003, A 2,40,
asterisgk indicates that the probebility exceeds .010. The i-sounds of the
digram precede the coion. -

A. One-syllable words. B. Two-syllable words. |
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APPENDIX

PHONETIC ALFHARETC

8 copied from Ven Riper, C. G. and D, E. Smith; An Intrcduction %o
American Phonetics, New Yorks

Harper & Brothers, 195G.

General

-

T~ tak

v beg, tub

do, and

Fan, scari
0w, bog
Tudge, enjoy
em, inhale
kick, uncle
Zet, val
apple, turtle
men, arm
auturn, wisdom
nose, gaixn
sudden, curtain
1  vrong, anger

l:’&ﬁ: o e

S B HE K

2

ask, rather
Tather, odd
make, eight
sat, act
fatisne. east
Ted, esd T
it, since
hape, 014

Lom ]
DM op:

i

[ax eigh, eisle

CORSONANTS
Phonetic
Dnenatics Suvmhol FEnglich
[beg tad Ip poger, dmmper
du &0d r run, far
fen skarf 8 send, ug
g&ro beg t Toe, aut
dzndz end3zor S shed, ash
hem mhe].3 + cheap, =ach
kik Akl ) thin, tooth
let pyil Y then, Lrestie
apl tstl v vow, have
Den am L wet, Wi
Ity wizdm hw vhen, white
noz gen J you, yet
sadn kstn K plessure, vision
ron MEF? z] %00, ocze
VOWELS
[ask rede [a sance., off
fad> «d ¥ earn, fur
mek et -4 never, percale
s#t &kt u truth, »lue
fatig ist iy put, nook
red end A under, love
1% s1n8 ] about, second
nop old]
DIPH™IONGS
saf arl {01 coy. oil
na¥ avi

?hmetic_z;

{ Do dermar
ran far
s&énd A8
to &nt_
fed o
tj ip 1t§
orn tus
P£n brid
vav hav
wet twin
hwen hwatrt
Ju Jet
p!&;ur viza =
za vg

i 502 Of
sn fx
neve pekel
tre bla
pvt n.k
ADda® Ay

sbavt srkand)

[kor i)
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