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There are many reascns for wanting to measure the degree of phone-
tic similarity between members of a group of languasges or dialects, The
presént study grew out of a research project which was designed to get
data that might have & bearing on some of the practical problems which
exist in Uganda. In the Southern part of Uganda, where two thirds of
the nine million people live, there are numerous closely related Bantu
languages or dielects. The official Ugandan census data lists 15 Bantu
langueges. The current study uses data on these and six others. We
wanted to assess their phonetic similarity so that there would be date
on which to base decisions on which languages to use for broadcasting
(the government currently brosdcests in 8 or 9 of these langusges, as
well as in 10 non-Bantu 1anguages), which to use in schools (3 are used
officially and a further 5 unofficially, but with the connivance of the
local education authorities), and which for other purposes,

One method of obteining a measure might have been by devising &
metric that could be applied to formel comparisons of phonologicel
descriptions of each of these languages. This method was not attempted,
largely because of time limitations. The data had to be collected and
first anselyses made within a period of one year, Furthermore, it soon
appeared that the sound patterns of nearly all of these languages were
very similar, and the phonological descriptions would have to be ex-

tremely detailed before systematic differences became aspparent, Finally,



before we could quantify, in practical terms, the overall degree of pho-
netic similarity between a pair of languages, the phonological descrip-
tions would have to be supported by counts of the frequency of occur-
rence of each rule. A difference between two langueges due to, sgy,

the eddition of a rule in one but not the other would be more or less
important depending on the number of times in which the rule was involved
in ordinary utterances.

The technique which we chose to use instead was to measure the
degree of phonetic similarity in a list of 30 common words in each lan-
guage, all of which were historically cognate forms in at least 16 out
of the 20 languages. The list was a subset of a list of 100 words which
had been recorded so that lexico-statistical comparisons might be made,
‘The complete lists had been recorded in a narrow phonetic transcription
by fhe author, using IPA symbols except for the voiced and voiceless
palatal affricates, which were transcribed j and c in accordance
with the conventions of Ugandan orthographies. Long vowels and long
consonants (both of which are phonemic in scme of these languages) were
transcribed with double letters. Tones were transcribed by acute accents
(high), grave accents (low) and circumflex accents (falling); as far as
is known these possibilities will account for nearly all the tonal con-
trasts that occur in these languages, Teble 1 exemplifies the data for
two words in each of the 20 languages.

. The fundamental problem in making phonetic comparisons is how to
line up two words, one in one dialect and one,in another, in such a way
that we can make a valid point by point comparison of all the things

which affect phonetic similarity. In the Bentu languages with which we



were concerned, each noun consists of a stem, and e prefix indicating
the noun class, Only the stems were used in these phonetic comparisons.
In general, e stem begins with a consonant, C, followed by & vowel, V,
end may contain additional alternations of consonants and vowels, The
commonest form is CVCV, Some problems in lining up segments will be
considered after we have considered how they msy be compared,

There heve been & number of attempts to devise measures of the
degree of phonetic similarity of isolated segments. Some of these have
been based on experimental studies showing, for instance, the degree of
confussbility of different segments (Miller and Nicely 1955, Peters 1963,
Wickelgren 1965, 1966, Klatt 1968, Greenberg and Jenkins 1964, Mohr and
Wang 1968); others have been based on more theoretical arguments (Austin
1957, Peterson end Harary 1961), All of these are of interest here, in
that the knowledge of the degree of phonetic similarity between segments
is & necessary prerequisite to & statement ebout the degree of phonetic
similarity of languages as & whole.

Some of the studies cited above have discussed the possibility of
quantifying the degree of difference between segments by counting the
number of differences in their specificetions in terms of features.
Various ways of specifying segments in terms of features have been sug-
gested, the most importent being the early distinctive feature system
of Jekobson, Fant, and Halle (1951) , its revision by Jakcbson and Halle
(1956), and the system proposed by Chomsky end Halle (1968)., All these
features sets are intended for classifying the segments which occur in

phonemic- or phonologicael contrasts within a language. But it is by no



means obvious that the specification of the phonetic level in the way
suggested by Chomsky end Halle, for instance, is directly related to the
specification of the kind of phonetic similarity meesure which is useful
in cross lenguage studies, Chamsky and Halle were certalnly not trying
to produce & phonetic specification of this kind., Accordingly for the
purposes of the present study an ad hoc set of phonetic features was
used,

For the sake of computational simplicity, the phonetic features were
considered to be independent binary categories. This is obviously an
invelid essumption which will be discussed further towards the end of
this peper. Because vowels were being compared anly with vowels, and
conscnants only with consonants, there was no need for features such as
‘consonantal and vocalic; they would never have contributed anything to
the cross lenguage comparisons. Furthermore there was no need to use
the same features for both consonants and vowels., The feature system
which was set up was adequate for specifying all the phonetic differences
which had been cbserved among Ugendan Bantu lenguages and seemed, on the
basis of the experimental studies cited above, likely to be the best
possible measure of segment similarity within the constraints previously
noted,

Each consonant segment in a Ugandan Bantu language was described as
being, or not being: (1) a stop; (2) a nasal; (3) a fricative; (4) an-
terior - made in the front of the mouth; (5) alveolar -- made near the
teeth ridge; (6) coronal -- made in the centre of the mouth; (7) voiced;
(8) long; (9) followed by & w-glide; (10) followed by a y-glide. The

easiest way of appreciating the way in which these terms were used is



through the examples showing the partial characterization of scme comso-
nents given in Tables 2 end 3. A plus sign indicates the presence of @
feature, and a minus sign shows its absence,

The degree of similarity between segments is exemplified in Table k.
Thus b and d have nine out of the ten points in common; and b eamd
JY differ in seven points, and have anly three points in common.

In one or two details this measure is not entirely satisfactory.
There is no reason why b should be considered to have seven points inm
common v.rith | and only six points in common with r ; end, what is mowe
importent, there is no reason why h should have such varying degrees of
similarity with b , d¢ , d , d- ., These anocmalies occur because meg-
ments were specified in terms of independent binary categories. With &
classification system of this kind it is impossible to give a specifica~
tion of h which is equally different from all the stop conscnants. Bt
these inequities probebly did not have a significant effect. Among the
2,400 segments compered, h occurred only 31 times.

In specifying the vowels we stated whether each one was, or was matt:
(1) nigh; (2) mid; (3) low; (L) front; (5) central; (6) back; (7) long;
(8) high tone; (9) falling tone. At one time we added the possibilitys:
‘(10) low tone, But preliminary results showed that this gave too much
importence to tonal similarity, and it was better to consider low tanme
as simply the ebsence of high or falling tone. The degree of similarify
in vowels was measured by counting the number of features they had in
common, in the same way as for consonants,

Using this measure of the degree of phonetic similerity, the fea—

tures in each segment were compared with the corresponding features in



the corresponding segment in each of 30 words in each of the 20 Bantu
languages, The 1h4,000 comparisons involved, the sums indicating .the
degree of phonetic similarity of each pair of languages, and the tsbula-
tions were all done on a computer.

A number of problems arose in the comperison of specific segments,
two of which will be considered here. Both are due to the constraint
of having to compare words segment by segment, a constraint which is
necessary only because of the difficulties of formalizing the comperi-
sons in any other way.

The first was that not all the stems to be compared were the same
length. For example, the stem in the word for 'ear' has the form -tl
or -twl in many of these lenguages; but in two langueges it is disyllabic,
being either -t&byl or ~tliyf. One might guess that these are the older
fofms, end there has been some kind of shortening process in all the
other languages. The solution that was adopted was to add dummy seg-
ments with entirely negative feature values to all the languages having
a monosyllabic form. This did not effect the similarity measure within
the monosyllebic group of languages; and it made the two languages having
disyllabic forms more similar to the monosyllabic group than they would
have been to another language which had a different second syllable,

The secaond problem arose when a phonetic feature such as palatali-
zgtion was realized in one language in a consonant and in another in a
vowel, The word for 'crocodile', for example, often has a stem of the
form —g66pé; but sometimes, instead of the pglatal nasal, the form is
~gbfnd. Note that if these two forms were lined up so that the consé-

nants were compared only with the consonants and the vowels only with



the vowels, then there would be differences in both the last vowel and
the last consonant. Consédquently this peir would be counted as less
similar then & pair such as -gébnd anad -g66dé. This is not & desireble
result., It was avoided by an ad hoc solution in which -in was arbi-
trarily specified as a conscnant differing in cne feature from the
palatal nasal jn . Note also that the problem is not avoided by using
the same features for consonants and vowels; it is simply a matter of
the lining up of the segments to be compared.

The ad hoc approaches discussed ebove are, of course, unsatisfac~
tory. They were edopted simply in the interests of expediency. Work
is continuing on a better formalization of the problem of comparing
whole words, but so far without success. Meanwhiie, & computer program
has been written which compares the features in each segment in each
word in each lesnguage with the corresponding features in eesch word in
every other language. The sums indicating the degree of phonetic
similarity of each pair of languages are printed out in matrix form.
The results for this particulasr group of 20 Ugendan langueges ere not
particularly relevant here; they are given in detail elsewhere (Criper,
Glick,and Ladefoged, forthcoming). It is sufficient to note that the
relationships reveeled suggested plausible and interesting groupings
into dialect clusters.

What is of more interest here is the validation of the claim that
this technique measures phonetic similarity between languages. We
attempted to do this in two weays, first by essessing local opinion
concerning the degree of similarity between one language and another,

and secondly by testing the extent to which people actually understand



other languages., The first of these two methods did not produce reliable
data; different local experts gave different figures, and even the seame
man gave different estimates when the questions were put to him in a
slightly different way on different occasions. The second method pro-
duced limited but valid data., The procedures are described in full
elsewhere (Criper, Glick, and Ladefoged, forthcaming). We conducted
tests with speekers of two different languasges. For each of these lan-
guages we used five groups of speakers, and played them recordings of
stories in their own and four other langueges, rotating stories, lan~
guages, and groups in a Latin square design. The group scores in
answering questions about these stories were subjected to an analysis

of variance, which showed that there were no significent differences
between any. of the listening groups, or between any of the stories; but
there were very significant differences in the comprehension of the

di fferent la.uguéges. We therefore had valid scores on the comprehension
of two languages relative to four other languages. These eight scores
were compared with the degrees of phonetic similarity of the corresponding
peirs of languages end, provided one score was left out for reasons
discussed below, & high correlation was found (r = 0.98).

It is virtually impossible to test the relative comprehension of
all possible pairs of a large number of languages, because of the com~
plexities in the experimental design which are necessary., But it would
appear that, at least in the case of these Ugandan Bantu lenguages,
valid predictions mey be made on the basis Qf; the phonetic similarity
measure described sbove. There are, however, circumstances in whichv

our predictions would be wrong. The degree of comprehenéion of one



language to another is not always a reversible relationship; spesakers
of & prestige language do not understand a minor language as well as
speakers of the minor language understand the prestige language. It
is this discrepancy which accounts for our having to leave out one
score in order to get a high correlation as described ebove. Phonetic
similarity is & good predictor of intelligibility only if questions
of prestige are not involved.

Finally we must consider weys in which we could improve the
metric used for comparing the phonetic similarity of segments, Perhaps
the most obvious improvement is to allow for variations in the importance
of different features. The experimentel studies cited sbove generally
agree in finding that differences in manner of articulation contribute
more to perceptﬁal distance than differences in voicing, and both con-
tribute more than differences in place of erticulation. Accordingly
features must be assigned different weights. 7

The situation is, however, more complicated. We must also allow
for the interaction of features, For example, the experimental studies
cited above have shown that there is e grester difference between the
members of the set pa - ta - ka than there is between the menbers of
the set ba - da - ga ; and the members of the set ma - na - pa
are even less different fram one another, Consequently differences in
place of articulation, however coded, must be made to have less effect
vhen the feature voiced is also present; and even less effect when the
feature nasal is salso present,

It seems that it would also be advisable to allow for non-binary

specifications of features. Multivalued feature specifications can be
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treated in either of two ways. In one way, each value ls regarded as
being equally different from all others, Thus if the conscnants
p, t, ¢, k are assigned the values 1, 2, 3, 4 on a feature of
articulatory place, they will each be regarded as being ome point dif-
ferent from each other with respect to this feature, assuming it has
been given a weight of 1. Alternatively multivalued specifications can
be treated as scalar quantities, If this is done and, for example, the
vowels i , e , @ are specified as having the values 1, 2, 3 on a
feature of vowel height, then e would be counted as one point different
from | and a ,but i and a would be two points different from
each other (assuming this feature has a weight of 1), If they had been
specified as 1, 4, T then e would have been three points from | and a
and they would have been six points different from each other.

The use of independent multivalued feature specifications allows
us to correct an anamaly which was mentioned above, It will be re-
membered that using the previous system it was impossible to specify h
in a way such that it was equally different from all stop consonants,
But if place of articulation is an independent multivalued feature, and
if h is assigned a value different fram any of the stop consonants,
then it can be made equally different from all of them, In other words,
this type of specification allows us to formalize within the metric the
notion of an irrelevant feature.

A computer program has now been written which compares segments
which may be specified in terms of weighted, interacting, multivalued,
independent or scalar, features. It 1s hoped that results of experiments

using this program will be available for reporting to the conference.
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Teble 1: Phonetic trenscriptions of the words for 'bee' and 'bone!
in 20 Uganden Bantu langusges, IPA symbols are used,
except that | and ¢ are used for the voiced and voice-
less palatal affricates. Doubled letters denote long
sounds, The stems (which are all that were used in the
campe.risons) are separated from the noun class prefixes
by a vertical line.

Language 'bee! 'bone*

Lumasaba {n z o ki It ]g Gtmd
Lunyole &n j o nt é g UWm 3
Lusamia d&n j & nt 4 k O mb &
Lugwe &n J & nt é k ubmb 3
Lugwere én z & kT & V|g dbmad
Lukenyi en | j & kIt & t)lg &dmd
Lusoga én. d & kf & tlg Wmié
Luganda é&n Jj d ki & Y Jggllm 3
Ruruli ‘'m b & cf & tlg UWimad
Runyoro &n j 6 kit & Vg d ¢ &
Rutooro drtf gy b kit Yig & ¢ 2
Ruhororo é&n 3 6 ct Vg 6 f 3
Rutagwenda ‘'n tsu x T & Y|k Wimad
Runyankore dridlsz & kit & VY]g 4 ¢ 3
Rukiga &n 3 & kI & t|lg & ¢ 4
Lubwisi ‘n j 6 ki ) k & w 3
Rukonjo é¢n z u ct drtik & n &
Rugungu kd]h & ki } k & n 4
Runyarwanda n z d k1 t g 4@ f a
Rwemba n j &kt n k & w &




Table 2: The classification of the places of articulation required
for the description of Ugandan Bantu languages.

Example Phonetic Characteristic Features
term anterior alveolar corcnal
b labial + - -
d dentel + - +
d alveolar + + +
d= postalveolar - + +
3 ‘ prepalatal - - +
[s] velar - - -

Table 3: The classification of some manners of articulation required
for the description of Uganden Bantu lenguages.

Example Phonetic ’ Characteristic Features
term nasal stop fricative
n nasal + - -
nz prenasal + - +
fricative
nd prenasal + + -
stop
d stop - + -
J affricate - + +
z fricative - - +

| approximent - - -



Table 4: The degree of similarity between scame consonant segments
in Ugenden Bantu languages.

d d d-j g d¥vd¥didzz nz| r h s [ sy [v¥
b 9 87T 7 97T 7TTT65 76T 5 4 4 3
d 9 8 8 88 8 8 8 T 6 8TE6 655 4
d 9 7799 99 87498517 6 5
d- 8 88 8887689661 6
J 86 66 8766 7T6¢6TS56
g 6 6 6 6 5 4 6 7T 8 L 5 3 &
dv 8 88 76 8 7L 65 TE6
au 8 8 768746555k
d: 8 76 87 4 6 5 5 4
dz 9 8 8 7T 48 71T 76
z 9 9 859 8 8T
nz 8 L 77 6
| 6 T 7 6
r 7'{867
h 6 7T 5 6
s 9 9 8
i 8 9

sY 9



