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Phonologically distinct voweis sometimes lose their contrast and merge 

into one, or conversely, one vowel splits into two distinct vowels. These 

changes, called ”merger”and ”spllt＇’ respectively, are known to be rather 

common. 

Historical linguists and dialect geographers have studied vowel mer-

ger and split (hereafter referred to simply as merger) through the com-

parlson of written records from more than two different diachronic stages 

or from more than two geographically distant dialects. In addition to 

these rather traditional ways of studying merger, which had as their 

primary aim analyzing merger in the past, ・recent progress in the field of 

sociolinguistics has enabled researchers to observe change in progress 

directly. The pioneering works of W. Labov and his. co-workers gave birth 

to the new paradigm in the late sixties, and we came to have an empiri-

cal reason to claim that, quite contrary to the past belief, it is possible 

to observe the actual process of merger through the analysis of tape 

recorded materials carefully gathered according to the rigid sampling 

methodology. 

The use of tape recorded speech has had an additional effect on the 

organization of the study. Sociolinguists working in the field of phono-

logy often adopt acoustic measurement techniques elaborated in experi-

mental phonetics in order to analyse more exactly and perhaps more 

successfully the process of ongoing merger. For example in Labov et al. 

(1972) we see many Fl-F2 (first formant versus second formant) vowel 

charts representing the complicated process of ongoing mergers in the 

United States and England. Although this quantitative technique has 

without doubt made a substantiai contribution to the study of phonolo-

glcal change, it is also true that It becomes more and more dlfficult, as 

the charts Increase, to know whether there is really a significant diffe-

rence between two (or more) defined sets of vowels. Taking for example 

the artificial data in Figure 1 a through c, we can say with confidence 
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that the two vowels sets shown in Figure la are distinct, whereas the 

vowel sets in Figure 1 b are not distinct at all, hence merged. But what 

if we compare Figure lb with Figure lc? Some will say that only Figure 

lb Is in merger, and others will claim that the vowels In Figure I c are 

also merged. Thus, the quantitative nature of acoustic measurem巴ntgives 

rise to a new problem here: how do we know that two given sets of vo日

wels are really d!Stlnct or not? The problem turns more serious when one 

is confronted with actual data, where the partial overlapping exemplified 

in Figure lc occurs rather frequentiy. It is apparent, then, that one 

should be equiJ>ped with some reliable means to check the significance of 

the difference on statistical grounds. The pr巴sentpaper deals with two 

kinds of statistical tests; one has been rather well known In the field of 

mathematical statistics and the other Is proposed by the present author 

In his 1984 paper. The combination of these two tests can resolve, if 

partially, the above mentioned delicate problem that seems to have been 

left untouched by the preceding literature in the field. 
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F2 (abscissa) versus Fl (ordinate). In this figure, as well as in Figure 

lb,c, two vowels are indicated with open and fllled circies 

Figure 1a. 
vowel  

Example of  two  distinct 
sets: artificial da. ta.. 
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Test Based on Bivariate Normal Distribution a. 

t-test 

In Figures la through c, elllpses are drawn to visualize the distribution 

boundaries of given vowel sets. This kind of elllptic representation, used 

often in the literature of experimental phonetics or sociolinguistics, is 

called Equal Probability Density Contour and derived from a mathematical 

function called Bivariate Normal Density Function, the two-variate ana-

log of the univarlate normal probability density function (the well known 

bell-shaped curve). As is well known, in univariate statistics, Student’s 

t-test is commonly used to test the null hypothesis that there Is no 

statistically significant difference between the means of two Independent 

samples. The test which will be explained In this section -and which Is 

based on the bivariate normal density function - Is the extension of 

Student’s t-test to the bivariate case; the substantial difference being 

that this latter test deals with the significance of the difference be-

tween the two-component mean vectors rather than scalar means. What 

follows is the mathematical fomulatlon by Green 0 978). 

In the bivariate analog of Student’s t-test, we use a statistics 

called Hotelllng’s T2 -the bivariate counterpart of Student’s t -. which 

Is defined as 

Stud en t・5The Bivariate Analog of 2.1. 
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where mi and mz are the sizes of sample one and sample two; the vector 

Q!.•-!Z denotes the difference vector between the sample centroids (the 

subscripts !1 and !z represent the two sample centroids); and .Q→ de-

notes the (Inverse of the) unbiased sample-based estimate of the popu-

latlon covariance matrix i:. 
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where 01 and oz are the standard deviation of the variables x1 and xz, 

and r Is their population product moment correlation. (Note: we assume 

that the covariance matrices ot two samples are the same and Q ls estl-

mated from the pooled sample.) 

By the way, with regard to Hotelling’s 'fz, It Is known that this 

statistics follows the F distribution under the following condition: 

where. IYl"t ＝刷，＋ tm 2 and 
E二三二三 T2 田 F[n,m-n-1］・ 7l.. = Y11.ov1 b er o干の抑ensiOl'¥S 
n(m -2) , 

C here • Y¥ = 2 ) . 

It means that the transformed T2 statistics follows the F distribution 

with n degrees of freedom ln the numerator and m-n-1 degrees of free-

dom In the denominator. 

Using this property of Hotelling’s TZ, we can test the hypothesis 

concerning the population equality of the means of two given sets of 

samples. In the case of our specific Interest, the study of vowel merger 

of Fl-F2 plane, this hypothesis means that the two sets of vowels are 

from one and the same population; and If the bivariate t-test does not 

reject the hypothesis then we would be able to infer from it that the 

two sets of vowels are ln merger. (But see Concluding Remarks below for 

the problem concerning the mathematical definition of the linguistic no-

tion of merger.) In the next section, we wlll apply this test to the data 

of vowel merger in a Japanese dialect. 

2.3. Example of the Bivariate T-test: Stylistic 
Differenciation of the Syllable Merger in 
工zumo Dialect 

As far as the vowel system Is concerned, Japanese areal dialects are 

known to be rather uniform. Most of them have basically the five vowel 

system of /!/, le/, /a/, /o/ and /u/, which is Identical to the system of 

so-called Standard Japanese. In this respect, the Izumo ｛出雲） dialect 

spoken In the Shlmane and the Tottori prefectures of Western Japan Is 

an exceptional case, together with the so-called Tohoku （東北） dialects 

(a general term for the dialects spoken in the North-Eastern district of 

Japan). It is known that in the Izumo dialect the close vowels /I/ and 

/u/ are merged into a central close vowel when preceded by the dental 
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consonants /s/, /ti and /z/ In the same syllable. Though a detailed pho-

nological analysis reveals the Increasingly complex nature of this phe-

nomenon, here we would like to restrict the problem to the form stated 

above In order not to lose the real objective of this section. 

The results of spectrographic analysis of the tape recorded materials 

of the Izumo dialect are presented In Figures 2 and 3. The materials are 

collected in three different styles: reading of a list of nonsense syllables 

written in syllabic letters called kana ｛仮名） (abbreviated as SYL), rea-

ding of meaningful short sentences written in kana and chinese-origln 

logographs or kanji （漢字）（STC),and a natural discourse between two 

native speakers of the Izumo ・dialect (DIS). 

From Figure 2 It Is clear that speaker K (male, 70 years old, retired 

public official) did not merge at all two vowels in SYL, and it is also 

clear that the merger gradually took place as the style lowered. Basically 

the same holds true with regard to the speaker T (male, 67 years old, 

farmer). But it seemed to be the case that the occurrence and the pro-

gress of the merger as a function of style shifting differed according to 

individuals. 

The results of the bivariate t-test are shown In Tables 1 and 2. 

The x means that no significant difference was found at the 5% level. 

The triangle means that significant difference was found only at 5% le-

vel but not at 1 % level. The circle means a significant difference at 1 % 

level. The point is that the results of the bivariate t-test seemed to 

colncide rather well with the previous Intuitive lnvestlgatlons by in-

spectlon. And with the statistical facts shown in Table 1 and 2, we can 

say with much confidence that, other things being equal, speaker T pre-

serves more conservative features of Izumo dialect, and speaker K is 

more standardized in comparison to speaker T. 
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Table 1 

Results of  the Bivariate T－τ司est for 
Speaker K o f  Izumo 

Syl I ables SYL STC DIS 

/si/:/su/ 。。t:.. 

/ti/:/tu/ 。。。

/zi/:/zu/ 。。× 

τ、able 2 

Results of  the Bivariateτ、一τ司est for 
Speake r τ、of" Izumo 

SYI lab les SYL STC DIS 

/si/:/su/ 。。× 

/ti/:/tu/ 。。× 

/zi/:/zu/ 。。× 
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2.J. Practical Limit of the Bivariate T-test 

Although the bivariate t-test is useful in the study of merger, this test 

has some practical limits. The problem that can be encountered most fre-

quently by linguists is the problem caused by individual differences in 

vocai tract size and shape. As is well known, the locations of the llngu-

istlcally”same" vowels on the Fl-F2 plane dlffer to a great extent if 

uttered by dlfferent individuals, since the size and the shape of the 

vocal tract varies on the individual basis, and removing this llngulsti-

cally meaningless pertubation is not at all an easy job. Even though 

many normalization procedures have been proposed and some proved to 

be effective for specific purposes (see Disner 1980 for th巴 conciseover-

view of normalization procedures), it is not an exaggeration to say that 

there ls no omnipotent way of normalization. In the examples presented 

above, the test is used in order to test the differences existing between 

two vowel sets spoken by the same speaker and thus caused no problem. 

But when one wants to apply this test to material uttered by more than 

two individuals, it is impossible to bypass the problem of normalization. 

J. Test Based on Geometrical Relations of Vowels 

3.1. Basic Conception 

An alternative way of testing merger was proposed in Maekawa (1984). 

The characteristic of this test is that it is based on the mutual geome-

trlcal relations of vowels defined on the Fl -F2 plane rather than based 

on the Blvariate Normal Density Function. 

In Figure 4 the sustained five vowels of Tokyo dlalect, which 

approxlmates the so-called Standard Japanese spoken by 18 male spea-

kers (mostly university students) are plotted and the token pairs of 

/i/:/e/ and /o/:/u/ uttered by the same speaker are connected by a line. 

Although each set of vowels shows dispersion caused partly by the indi-

vldual differences, it is evident that the geometrical relations expressed 

by those lines are rather identical: the lines belonging to a given pair 

go side by side in nearly the same direction from /I/ to /el or from /u/ 

to /o/. To put it differentiy, in Tokyo dialect where no merger happens, 

all members of a given vowel pair are”parallel”as far as their geome-

trlcal relations on the Fl-F2 plane are concerned. Figure 5 is the plot 
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of the five vowels uttered by 14 elderly male speakers of the Tsugaru 

dialect (a typical Tohoku dialect spoken in the Aomori prefecture or 

North-Eastern Japan). In Figure 5, as well as in Figure 6, the five vo-

wels are pronounced in the same phonetlcal context / _ki /. In this con-

text, five meaningful words can be obtained: /ikl/ ｛息：’breath’）， /ekl/ 

｛駅：’railwaystation'), /akl/ （秋：’autumn’）， /okl/ （沖 1・offing')and 

/uki/ （浮き：’float').Figure 6 is the same plot of five vowels uttered by 

26 elderly male speakers of the Izumo dialect. The comparison of Figures 
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5 and 6 with Figure 4 makes it clear that the geometrical relations be-

tween /i/:/e/ in both the Tsugaru and the Izumo dialects and those of 

/o/:/u/ in the Izumo dialect are not”parallelヘhencequite different from 

the relations in Tokyo, whereas the relations between /o/:/u/ in the 

Tsugaru dialect are”parallel”and hence similar to those in Tokyo.The 

test introduced by Maekawa (1984) is based on the following assumption. 

If two vowels, say J and k, are phonologically distinct, that is if the 

participants of the same speech community distinguish two vowels in 

roughly the same way, the lines connecting the pairs of J and k on the 

Fl-F2 plane hold the ”parallel”relation even though they are not 

exactly parallel in the mathematical sense. On the other hand, if j and k 

are completely merged and are phonologically the same vowel, the lines 

connecting them will disperse in all directions. In this latter case, the 

directions of lines are supposed to be uniformly distributed. 
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3.2. Mathematical Formulation 

互＝ [f . f .. J・
ij liJ 2iJ 

This formula means that e (we refer to the ＠孟』 k simply as e) is dlstri-

buted uniformly in the half open interval of (0,2nJ. Stated in more em-

pirical terms, this means that the probability of e = x (0 < x S 2n) is 

identical for every x in this interval. The probability density function of 

u ls written as 

Let two vowels J and k uttered by speaker i be expressed as 

主＝ [f f J・
ik lik 2ik 

f(x) = Pr(e =xi = (2ロ） 1. 

where f1 and f2 are the scalar values of first and second formant fre-

quencies. The subscript 1 distinguishes the speaker, and subscripts J and 
k distinguish the vowels U.k = /i/,/e/,/a/, ... ). The vector representation 

of the lines connecting two tokens of vowel耳 J and k can be defined by 

the difference vector息地

And the expectation and the variance of f(x) are 
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And by the central limiting theorem, the quantity Z defined belbw is 

distributed as the standard normal variable N(O,l) when N －ー〉圃，

where dl孟Sk = f11J -f11k and d2孟Sk = f2 1 J -f2孟k. z {N(9 -n) 
＝ ・ーーーーーーーーー－

s 

The information contained in !h』kconsists of two parts: (a) the infor-

mation concerning the directional relation of two vowel tokens in the 

Fl-F2 plane, and (b) the geometrlcal distance between Yu and 主血・

In order to remove information (b), which is irrelevant to the test, 

we normalize the length of the difference vector by the following trans-

formation. 

where s and e are the sample standard deviation .and sample mean of e. 

We can test whether our hypothesis defined above is congruent with 

the data by using the value of z. 

~ijk = ~ijk/ l~ijkl • 

3.3 Example of Test Based on Geometrical Relation: 
Vowel Merger of Izumo and Tsugaru 

e "' U(0,2ロJ.

The Z values calculated for every possible pair of two vowels of the 

three dialects discussed in 3.1 are shown in Tables 3, 4 and 6. The va-

lues of N.V. (Normalized Variance.) shown in these tabies are obtained by 

dividing the sample varlance by the theoretical value of (l/3)n2 calcu-

lated ln 3.2. A brief look at the tables is enough to see that Z ls small 

only for the pairs of /1/:/e/ of Tsugaru and Izumo and /o/:/u/ of Izumo. 

The other 27 values of Z are by far greater. And by consulting the table 

of the standard normal distribution N(O,l), we see that (a) the null hy-

where ｜豆地｜ is the norm of Qu包 Next, let 91 J k be the angle glven in 

radian defined between Quピ（orQl.lkl and the unit vector 呈~ = (1 OJ’． 
Then the null hypothesls of our statistical test that there is no phono-

logical distinction between J and k can be formulated as 
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pothesls can not be r眠：jectedat the 5% level as far as the /l/:/e/ of 

Tsugaru ls concerned, (b) as for the /l/:/e/ and /o/:/u/ of Izumo, the 

hypothesis ls rejected at the 1 % level, {c) the other 27 pairs are 

needless to say rejected at the 1 % level. 

Table 3 

Distribution. of  e_ 
Tokyo  dialect 

ー
Pairs 。 s N.V. z 

/i/:/e/ 5.42 0.22 0.01 44.9 

/e/:/a/ 5.03 0.11 0.01 72.8 

/a/:/o/ 4.08 0.14 0.01 27.8 

/o/:/u/ 2.20 0.35 0.04 -11.4 

/u/:/i/ 1.61 0.06 0.00 -108.0 

1i1:1a.1 5.15 0.09 0.00 94.7 

/i/:/o/ 4.86 0.05 0.00 145.0 

/e/:/o/ 4_.68 0.06 0.00 108.0 

／巴／：／u/ 4.45 0.15 0.01 37.0 

/u/:/a/ 6.48 0.36 0.04 39.3 
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Table 4 

Distribution. of  <8> 
τ、su.ga.ru. dialect 

一Pai rs 。 s N.V. z 

/i/:/e/ 2.92 1.83 1.02 -0.45 

/e/:/a/ 5.15 0.12 o.oo 62.6 

/a/:/o/ 4.12 0.19 0.01 19.3 

/o/:/u/ 1.61 0.13 o.oo -44.1 

/u/:/i/ 1.62 0.11 o.oo -51.8 

/i/:/a/ 5.16 0.10 o.oo 75.5 

/i/:/o/ 4.75 0.03 o.oo 201.0 

/e/:/o/ 4.75 0.04 o.oo 151.0 

/e/:/u/ 4.76 0.12 o.oo 50.5 

/u/:/a/ 5.95 0.47 0.07 22.4 
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Table 5 

Distribution of  e 
Izumo dialect 

Pairs 。 s N.V. z 

/i/:/e/ 2.10 1.71 0.88 句 3.11 

/e/:/a/ 5.05 0.12 o.oo 81.1 

/a/:/o/ 4.26 0.12 o.oo 47.5 

/ot:tul 2.20 1.23 0.116 ー3.9

/u/:/i/ 1.65 0.11 o.oo -69. l 

/i/:/a/ 5.20 0.20 0.01 52.5 

/i/:/o/ '1.79 0.06 o.oo !40.0 

/e/:/o/ 'l.76 Q.05 o.oo 165.0 

/e/:/u/ ・4.75 0.08 o.oo 103.0 

/u/:/a/ 0.86 O.l¥3 0.06 -27. I 

This result leads us to the interpretation that a true merger hap-

pens only In the pair /1/:/e/ of the Tsugaru dialect, since, as far as this 

pair Is concerned, the mutual geometrical location between the two vo-

wels on the Fl-F2 plane Is determined at random (it is impossible to 

predict their geometrical relation), and it seems that the relation be-
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tween the two vowels is equivalent to the relation between the two to-
kens of a”same＇’ vowel. 

4- Concluding Remarks 

As shown in the last section, the test based on the geometrical relation 

between vowels seems to be a useful tool ln the study of merger. This 

rather simple test can successfully handle dat~ uttered by more than two 
Individuals without the normalization problem being Insurmountable. How-

ever, this test has Its own problems, as did the bivariate t-test. First 

ot all, this test can be applied only to the pairs of vowels, and to form 

:h：~：：s:e r：；：：ょ：ロ：。；a；：了r;ha:~~~：：；l~~lc;s c~~t:;l：~：0:0：：~：P~：ni~ 
talned ln a pair are pronounced by the same speaker and different pairs 

are pronounced by different speakers. Alternatively, the test can b" 

ap山 d also to so-c山 dminimal 附 s; in 仙 l山 rcase the… 
consist of two vowels pronounced in the same phonetic context, and dif-

ferent pairs are pronounced・ by the same speaker. Anyhow, the need for 

these external criteria restricts the application of this test to specific 
kinds of data sets. 

The second problem concerns the way we define the merger mathe-

matically and hence it is more fundamental. It ls worth noting that the 

null hypothesis that the bivariate populatlon means of /1/ and /e/ In 

~~~m:a::e u:::a:n i~.；o!/:::::d 0~0：~e a~i江芯ぷlな；sぷ：：ニ：I:e::
obtained in the case of /o/ and /u/ of Izumo・Thissuggests the possibl-

lity that the two statistical te_sts discussed In this paper are testing 

different things. From the mathematical point of view there is nothing 

surprising about this, simply because the null hypotheses used in the 

日目；~£i~店主主；~；~！：~~；；＇.＇.~~：！：；，~~~：~
In order to help readers visualize the problem, let us use the artl-

flcial data shown In Figure lc again. If we test this data by means of 

the bivariate t-test, we obtain an F = 3・667 with 2 and 21 degree’s of 

freedom. This value means that the null hypothesis can be rejected at 

the 5% but not at the 1 % level. With this result, any lingulst would 

doubt the existence of a phonological distinction between the two popu-
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lations. But this interpretation would change drastically if it is supposed 

that the 24 samples shown in Figure lc have the pairwise relations as 

in Figure 7. In this latter case it is clear that the two vowels are dis-

tlnguishable in roughly the same acoustical manner, and in reality the 

test on the geometrical relation applied to the data of Figure 7 tells us 

that the z value obtained (Z = 26.84) is so high that we have to reject 

th巴 nullhypothesis. 

r一 一一

Figure 7. Pa.ir-w-ise representation. of  
Figure 1c  

Even though the example used above is based on artificial data, it 

wouldn’t too much miss the point to suppose that nearly the same thing 

happened in the case of /l/:/e/ and /o/:/u/ in Izumo. In case this as-

sumptlon is valid, we face with a new possibility that acoustical analysis 

of the vowels provides us with much more phonologically significant in-

formation than we have used previously. With this possibilit:1-・ in mlnd, 

the author would like to conclude that the simultaneous application of 

the two tests discussed in this paper will make a certain contribut.ion to 

the linguistic study of the nature of vowel merger and its ongoing 

process. 
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