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Classification of Formosan Languages:
Lexical Evidence

Paul Jen-kuei Li

The purpose of this paper is to present some new lexical evidence for the classification of
Formosan languages, as based on all Formosan cognates that have been identified. Fourteen extant
and five extinct Formosan languages are compared in this study. Based on the number of cognates
shared by each pair of languages, the distance between each pair of languages is calculated. A tree
diagram for Formosan languages is then constructed by adopting the procedure developed for quan-
titative studies by Cavalli-Sforza and Edwards (1967), and Fitch and Margoliash (1967). Since the
number of lexical items (about 400) compared for each of the five extinct languages is much smaller
than the number (about 1,000) compared for the other fourteen extant languages, some adjustment
has been made with regard to the number of cognates shared by each pair of languages by adopting
Jaccard’s coefficient principle. Furthermore, cognates shared exclusively by a pair of languages are
regarded as providing much stronger evidence for a close genetic relationship. The results of this
study roughly agree with classifications for these languages based on other types of evidence, includ-
ing phonological and syntactic evidence. Slightly different results are found when each language is
represented by only one dialect, as opposed to being represented by more than one dialect. All these
results are more suggestive than conclusive.

1. Introduction

The purpose of this paper is to present some new lexical evidence for the classification
of Formosan languages. ! We shall show a way of quantifying the degree of lexical similar-

ities among a group of languages. We believe that lexical evidence can be regarded as one

1 This manuscript was prepared while I was visiting the Department of Linguistics, University of
California, Berkeley, 1989--1990. I am indebted to Lien-meng Lin at the Academia Sinica for
writing computer programs for Tables 1-2, 6 and to Zhong-wei Shen at UC Berkeley for Tables
3-5 as well as for showing me how to measure distances between languages as indicated in the
figures in this paper. I have profited from valuable comments and suggestions for improvement
from William S-Y Wang, Stanley Starosta, Shigeru Tsuchida, Pang-hsin Ting, Zhong-wei Shen
and Kathleen Ahrens. They may not agree with all that I have presented here. I remain responsi-
ble for any errors that remain in this paper.
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piece of evidence for language subgrouping. Moreover, we feel that subgrouping languages
on the basis of lexical evidence is as valid as hypothesizing a genetic relationship on the
basis of phonological and/or syntactic evidence.

It is assumed in this paper that the degree of lexical similarity between languages, i.e.
shared cognates determined on the basis of regular sound correspondences, is somehow cor-
related with the degree of genetic relatedness. Although there is no guarantee that the
correlation always holds true, we may still quantify genetic relatedness with this working
hypothesis, and then compare results obtained by this method with those obtained by other
methods, such as the standard comparative method, if available.

The method adopted in this paper is different from traditional lexicostatistics in sev—
eral respects. First, only a pair of languages is compared at a time in lexicostatistics, where-
as in our procedure all languages are compared at the same time. Hundreds of typologically
possible trees will be examined and only one best possibie tree will be chosen by the com-
puter. Thus errors can be detected. How well the final chosen tree fits the input data can be
checked by the statistic value -~standard deviations. Second, traditional lexicostatistics uses
only a 100 or 200 word basic vocabulary, whereas for our comparison we utilize all vo-
cabulary that is available, which may amount to hundreds or thousands of lexical items.
The so called “basic vocabulary” may vary from language to language, and the decision
between “basic” and “non-basic” is often arbitrary. Moreover, we can minimize errors if

we deal with a large amount of data.

2. Previous Classifications of Formosan Languages

Classification of Formosan languages has long been an issue, and there is no one clas-
sification that is generally accepted by Formosan scholars. In the past quarter of .the centu-
ry, Formosan languages have generally been divided into three subgroups : (1)the Atayalic,
including Atayal and Sediq, (2)the Tsouic, including Tsou, Kanakanavu and Saaroa, and
(3)the Paiwanic, including all the rest; see Dyen (1963, 1971b), and Ferrell (1969, 1972,
1979a, b). Tsuchida (1976) formally proposed to group Rukai with the Tsouic languages,
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and that was further supported by Dyen (1987a, b). After examining fourteen
phonological and syntactic features among all living Formosan languages, Ho (1983)
argued that Rukai had a closer genetic relationship with the Paiwanic rather than with the
Tsouic languages. Li (1985) proposed to group Saisiyat, Pazeh and four northwestern
extinct languages (Taokas, Babuza, Papora and Hoanya) with the Atayalic languages,
based on lexical and phonological as well as syntactic evidence.

Evidence for close relationships between some languages is obvious, and so has gener-
ally been accepted. For instance, no one has disputed the close genetic relationship between
Atayal and Sediq and that between Kanakanavu and Saaroa. Despite the fact that there is
strong lexical and phonological evidence for the close relationship between Tsou and the
two Southern Tsouic languages (Tsuchida 1976), proposing a genetic relationship for these
three languages on the basis of their morphological and syntactic evidence is less certain
(Ferrell 1972). Based on evidence in Tsou’s morphological and syntactic evolution,
Starosta (1985) argues for the unique position of Tsou by itself. 2 However, Tsuchida
(personal communication, Sept. 1990) believes that he can demonstrate that Tsou is
morphologically very close to Kanakanavu and Saaroa. Moreover, morphologically Rukai

is the most unique among all Formosan languages.

3. The Data

Ever since July 1970, I have been doing extensive field work on virtually all the liv-
ing Formosan languages: Atayal, Sediq, Tsou, Kanakanavu, Saaroa, Rukai, Bunun,
Puyuma, Thao, Saisiyat, Pazeh, Kavalan and Amis. Paiwan data are based on Ho (1978)

and his field notes. I have collected data for more than one dialect for most of these lan-

2 As of today, Starosta (personal communication, Nov. 1989) still believes that “Tsou is
profoundly different from other Formosan languages in morphology (the focus system, the ab-
sence of *-AN in the verbal morphology and the total absence of reflexes of *-EN) and in syntax
(the pervasiveness of the auxiliaries). These two facts could be connected, and maybe all the dif-
ferences can be explained in terms of the extension of the auxiliaries and the final segment loss,
but I found some paradoxes that I think could not be explained in that way alone.” However,
Tsuchida (personal communication) points out that +~-AN and *~-EN have been merged as #-a> -
a. Also Kavalan has no trace of *-EN.
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guages. I utilized about 1,000 lexical items for this comparative work.

The following Formosan languages are extinct: Taokas, Babuza, Papora, Hoanya and
Siraya. There are only about 400 lexical items available for these languages, as listed in
Tsuchida (1982). The qualities of these language data are uneven. They were recorded by
various different people, trained or untrained in linguistics, and data for the “same” lan-
guage may have been collected from different villages or speech communities. Some were
transcribed in phonetic symbols; others were written in Chinese characters or in Japanese
katakana. A variety of lexical forms may be listed for the same lexical entry, and they
may or may not indicate different dialects or varieties of speech.

There are even less data available for the other extinct Formosan languages:
Ketagalan, Basay and possibly Kulon (Tsuchida 1985). Thus they have been excluded

from this comparative study.

4. The Cognates and the Genetic Relationships
between the Languages

I have tried to identify Formosan cognates, internal as well as external to Formosan,
off and on over these years. I can generally identify more cognates, on a more solid basis,
for the languages that I have worked with longer and thus have become better acquainted
with, such as Atayal, Sediq, Rukai, Thao, Saisiyat, Pazeh and Kavalan. I have included
and updated the list of cognates that have been identified by other Formosan scholars such
as Tsuchida (1976, 1982, 1985) and Dahl (1981). As shown on the diagonal in Table 1
below, the number of cognates that have been identified for Atayal is 396, Sediq 359, Tsou
300, Kanakanavu 379, Saaroa 374, Rukai 423, Bunun 232, Paiwan 329, Puyuma 265,
Thao 207, Saisiyat 267, Pazeh 227, Kavalan 182, Amis 258, Taokas 85, Babuza 99,
Papora 83, Hoanya 83, and Siraya 95. The total number of cognates that have been identi-
fied for all Formosan languages is 1,109.3

In Tables 1 & 2 below, each Formosan language is generally represented by a major or

3 Intheroughly 1,000 lexical entries, many of them show no cognacy among Formosan languages.
However, there may be more than one cognate set for the same lexical item.
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important dialect: Atayal by Mayrinax, Sedig by Tongan, Tsou by Duhtu, Rukai by
Budai, Bunun by Takituduh, Paiwan by Butanglu, Puyuma by Pinan, Saisiyat by Taai,
Pazeh by Pazeh (not Kahabu), and Amis by Sakizaya. * If cognates are missing or unavail-
able for these major dialects, then they may be cited from some other dialects.

The number of cognates shared between Atayal and Sediq is 318, between Atayal and
Tsou 88, between Sediq and Tsou 77, and so on. Generally speaking, the more closely
related each pair of languages is, the more cognates they share with each other, as expected.
The smallest number of cognates shared by a pair of extant Formosan languages is 67 be-
tween Sediq and Puyuma, and shared by an extant and an’extinct language is 20 between
Sediq and Hoanya, and between Tsou and Taokas.

Nonetheless, a large number of cognates shared by a pair of languages does not neces-
sarily always indicate that these two languages have a close relationship. They may happen
to retain more cognates that have been inherited from their common ancestor or parent
language, such as Proto-Austronesian (PAN), Proto-Hesperonesian (PHN), and Proto-
Formosan (PFN).?

However, cognates that are shared exclusively by a pair of languages are much
stronger evidence for a close relationship between the two. All such cognates are much
more likely lexical innovations than lexical retentions. If they were retentions, they would
be shared by more than two languages, Formosan or extra-Formosan. I have gone through
the list of cognates that are exclusively shared by each pair of languages, and none of them

go back to the higher level nodes (such as PAN, PFN) or even lower level nodes (such as

4  Abbreviations for the language names are: Ata, Atayal; Sed, Sediq; Tso, Tsou; Kan, Kanakanavy;
Sar, Saaroa; Ruk, Rukai; Bun, Bunun; Pai, Paiwan; Puy, Puyuma; Tha, Thao; Sai, Saisiyat; Paz,
Pazeh; Kav, Kavalan; Ami, Amis; Tao, Taokas; Bab, Babuza; Pap, Papora; Hoa, Hoanya; Sir,
Siraya.

5 Ting Pang-hsin (personal communication) believes that a large number of cognates shared by
languages should indicate a close relationship, especially if the cognates go back to an early stage,
just as shared phonological retentions from an early stage indicate a close relationship between
languages. This position can be supported with abundant evidence from Chinese written docu-
ments. For instance, among all major Chinese dialects, only Min dialects still retain vocabulary
such as tia ( 5% ) ‘pan,’ lang ( {8 ) 'person,’ which can be traced back to very early Chinese
written documents. Geographically adjacent languages or dialects tend to share more common
vocabulary, as in Cantonese, Hakka, Min and Wu dialects, and are apt to borrow from each oth-
er throughout history.
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PRT) in the derivation history. With few exceptions, they all belong to the lowest level
node for each pair of languages.

Phonological innovations exclusively shared by two or more languages have been
taken as evidence for a close genetic relationship between the languages by historical lin-
guists. Similarly, cognates shared exclusively by a pair of languages can also be taken as
indicating a close genetic relationship. ¢ All cognates in Formosan languages are deter-
mined on the basis that they must observe the rules of regular sound correspondences,
which have first been worked out by Tsuchida (1976) and subsequently revised and ex-
panded by Li (1985). While many of these cognates go back to an early stage in the parent
language, such as PAN, PHN, and PFN, many others go back to the lower level nodes such
as PSF, PNF, PAt, PRT, PT, PR and PNW. " Only relatively few cognates are exclusively
shared by a pair of languages. If a pair of languages exclusively shares a fair amount of
cognates with each other, that means that they must have shared a long history of common
development, not only in their phonology but also in their lexicon.

In Table 2, a pair of languages that has been known to have a closer relationship by
the comparative method or simply by inspection does show a higher number of exclusively
shared cognates, for instance, 180 cognates between Atayal and Sediq, 25 between
Kanakanavu and Saaroa, 19 between Paiwan and Puyuma, 19 between Paiwan and
Rukai, and so on. Yet between many pairs of languages, there are no or very few
exclusively shared cognates, for instance, none between Atayal and Kanakanavu, Saaroa,
Rukai, Puyuma, Thao or Amis, and only 1 between Atayal and Tsou, Paiwan or Kavalan.

Does the large number of cognates exclusively shared by Rukai and the Tsouic lan-

guages (9 between Tsou and Rukai, 17 between Kanakanavu and Rukai, 11 between

6 Dyen (1987b) has applied this method, which he calls “homomerous method,” to subclassif ying
related languages such as Indo-European and Formosan languages with some interesting results.

7 Of all the 1,109 Formosan cognates that have been identified in this study, there are 174 PAN
cognates, 163 PHN cognates, 124 PFN cognates, 213 Proto-Southern-Formosan (PSF) cognates,
29 Proto-Northern-Formosan (PNF) cognates, 175 Proto-Atayalic (PAt) cognates, 72 Proto-
Rukai-Tsouic (PRT) cognates, 30 Proto-Tsouic cognates, 22 Proto-Rukai (PR) cognates, 35
Proto-Northwestern cognates, and so on. Proto-Northern-Formosan refers to the northern
Formosan subgroup, including Atayal, Sediq, Saisiyat, Pazeh, and four northwestern extinct
languages (see Li 1985), while Proto-Southern-Formosan refers to the Tsouic and the Paiwanic
languages (cf. Tsuchida 1976).
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Table 2. Number of Cognates Exclusively Shared by Each Pair of Languages
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Saaroa and Rukai) indicate that they have a close genetic relationship, as Tsuchida and
Dyen have argue'? Our lexical evidence seems to lend support to such a hypothesis. The
clos: relationship between Kanakanavu and Saaroa is self-evident at all levels of
grammar, just as our lexical evidence is strong. Yet, our lexical evidence for the relation-
ship between Tsou and these two Southern Tsouic languages seems rather weak: Only 7
exclusively shared cognates between Tsou and Kanakanavu, 8 cognates between Tsou and
Saaroa, as compared with 9 cognates between Tsou and Rukai. This type of lexical evi-
dence may suggest that Tsou be unique among all Formosan languages, as Starosta (1985)
has suggested in his study of Tsou morphology and syntax. Furthermore, it may also sug-
gest that Kanakanavu and Saaroa should be grouped with Rukai in the Paiwanic subgroup.
If so, then the controversy over the position of Rukai in its relations with the ”Tsoﬁic” lan-
guages can easily be resolved.

The above results may have been somewhat skewed (or twisted) by the methods of
treatment and calculation. Kanakanavu and Saaroa, which are very closely related, are
treated as separate languages. However, Rukai has three divergent “dialect” groups that are
not mutually intelligible to each other: (1)Budai, Tanan and Labuan, (2)Maga and Tona,
and (3)Mantauran; see Li 1977. Yet they are treated as if they were the “same” language.
When a certain cognate is not retained in a dialect group, it may be kept in another. Thus
Rukai tends to share larger numbers of cognates with many other languages. Further study
is required to separate Rukai into three groups to see if any of them still share a large
number of cognates with any of the “Tsouic” languages.

Geographical adjacency is another factor that affects the number of cognates shared
by each pair of languages. Kavalan has had close contact with Amis only in the past one
hundred years or so, yet they share 125 cognates with each other, a number higher than
the average, which is only 82.57. Puyuma has been geographically adjacent to Amis for a
much longer period of time, and they share 140 cognates with each other, considerably
higher than the average. Thao has been surrounded and heavily influenced by Bunun (see
Li 1978), and they share 124 cognates. Rukai has been bordered by Paiwan for an un-

known period of time, and they share 216 cognates with each other. As a matter of fact,
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based on a comparison of lexical, phonological and syntactic similarities between Rukai
and Paiwan, Ho (1983) has argued that Rukai is closer to the Paiwanic languages rather
than to the Tsouic languages; cf. Fig. 3 in Section 7 below. Rukai has also been
geographically located close to the Tsouic languages, especially the Southern Tsouic lan-
guages. For instance, as based on my own observations, there must have been a lot of
borrowing that took place between the Mantauran dialect of Rukai and Saaroa of the
Tsouic. It is sometimes difficult to separate between historical inheritance and borrowing,
especially in an early stage before sound changes take place.

Since our lexical data for the five extinct languages are more limited: some 400 items
as compared with 1,000 items for the other Formosan languages, we expect to get smaller
numbers of cognates for these extinct languages. That is precisely what has turned out to
be the case. Nonetheless, even with the restricted data available, we still find some impres-
sive results: The number of exclusively shared cognates between Taokas and Babuza is 8

and that between Papora and Hoanya is 6, as shown in Table 2.

5. The Procedure for Drawing a Family Tree *

Table 3 shows the distance between each pair of Formosan languages. ° There is a
shorter distance between a pair of languages which share a larger number of cognates and
are thus more closely related to each other. Conversely, there is a longer distance between a
pair of languages which share a smaller number of cognates and are thus more distantly
related.

Since the number of lexical items compared for each of the 5 extinct languages is not
the same as the ones compared for the other 14 living Formosan languages, we have to
make some adjustment with regard to the number of cognates shared by each pair of lan-

guages. We have done so by adopting Jaccard’s coefficient principle (see below).

8 I am grateful to Zhong-wei Shen for showing me how to go about the whole procedure, which
has been developed for quantitative studies by Cavalli-Sforza and Edwards (1967), Fitch and
Margoliash (1967).

9 In Tables 3-5 and Figure 1 below, the Formosan languages are listed in the same order as in Ta-
bles 1 and 2 above. Thus 1 stands for Atayal, 2 for Sediq, 3 for Tsou, and so on.
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Cognates are a type of linguistic character that can occur as one of two states: present
(Dor absent (). If one considers any two languages, x and y, the data for all the identified

cognates can be summarized in a 2 x 2 table of counts having the following form:

Lg. x

+ —

Lg.y + a b
—c d
p=a+tb-+c+d

P equals the total number of cognates identified in all 19 languages; a is the number of
cognates present in both languages x and y; b is the number of cognates present in lan-
guage y but absent in language x; ¢ is the reverse; and d is the number of cognates absent in
both languages.

Many similarity coefficients have been proposed for binary data of this type (see
Clifford and Stephenson 1975). One that has commonly been used in numerical taxonomy

is Jaccard’s coefficient. This coefficient is defined as follows:

SKY b
It is the ratio r of the number of positive matches a to the total number of cognates p
minus the number of negative matches d. This coefficient ranges from zero, when there is
no shared cognate (a=0), to unity, when two languages share all cognates with each other
(b=0,c=0).

As mentioned above, the number of lexical items compared for each of the 5 extinct
languages is not the same as the ones compared for the other 14 living languages. Since
Jaccard’s coefficient excludes the cognates which are absent in both languages, the
coefficient of a pair of languages will not be very much affected by the total number of
cognates identified in all languages.

Let us take Atayal and Sediq as an illustration. The total number of Atayal cognates is
396, among them 318 are shared with Sediq and the rest, 78 in all, are shared with some
other languages. According to the 2 x 2 table above, 318 isa, 78 is b, and 396 =a + b. The
total number of Sediq cognates is 359, the number of cognates shared with Atayal is the

same, 318, and the rest of its cognates, 41, are shared with languages other than Atayal. So,
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for Sediq 318 is a, 41 is b, and 359 = a + ¢. Thus the coefficient can be calculated by the

following formula :

shared cog.

Sx,y = total cog. in Lg.x + total cog. in Lg.y - shared cog.
The coefficient between Atayal and Sediq, therefore, is:

a 318
Sx,y = (a+b) + (a+c)-a = 396+359-318 = 0.7276

The distance (D) between Atayal and Sediq is:

D=1-r=1-0.7276=0.272
Following this procedure, we can get the distance between all the pairs of Formosan lan-
guages, as given in Table 3, which is in essence based on Table 1.

Table 3 is used as an input matrix for our tree-drawing program. Table 4 is an output
matrix of the tree-drawing program, which minimized the summation of squared errors. '°
Based on the figures in Table 4A, the best possible tree will be constructed.

Table 5 gives the length of each branch. Numbers 1 to 19, representing the 19
Formosan languages, are terminal nodes. The numbers above 19, i.e. between 20 and 36,

are.non-terminal nodes.

10  According to the “tree hypothesis,” language evolution is a successive branching process. Let’s

consider four languages, a, b, ¢ and d. There are fifteen ways in which these languages may
have arisen from a single proto-language by successive binary splits. The number of different
trees increases very rapidly with the number of languages. It is reported by Cavalli-Sforza and
Edwards (1967) that (2t-3)!/[2 2 (t-2)! ] different rooted trees can be reconstructed for t (=
the number of) languages. When t = 10, this equals 34,459,425 trees. They also state that (2t-5)!
/[2 3 (t-3)1] different unrooted trees are possible. When t = 10, this equals 2,027,025 trees. In
practice, unless there are very few languages to be studied, a thorough examination of all the
possible trees is far too complex. :
One way to reduce the number of possible trees is to minimize the number of mutation steps
(Fitch and Margoliash 1967). Thus a tree can be obtained by minimizing the difference be-
tween the distance among the languages in a constructed tree and the distance among the lan-
guages in the original data.

i (obs —exp)?

Sum of squares =iP_‘l obs 2

obs(erved) = the original distance
exp(ected) = distance in a constructed tree
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Table 5. Length of Each Branch

Betweem And Length
1 20 0.13030
20 2 0.14170
20 32 0.29915
32 28 0.01935
28 24 0.00774
24 27 0.04104
27 10 0.30034
27 7 0.30566
24 30 0.01317
30 31 0.04213
31 14 0.27988
31 13 0.32312
30 23 0.03562
23 25 0.05861
25 6 0.30024
25 21 0.04857
21 22 0.09422
22 5 0.16810
22 4 0.17290
21 3 0.25972
23 26 0.04382
26 9 0.29949
26 8 0.28251
28 36 0.08799
36 19 0.36124
36 34 0.07282
34 33 0.01320
33 35 0.05897
35 18 0.27337
35 17 0.27063
33 16 0.30593
34 15 0.35890
32 29 0.03694
29 12 0.32016
29 11 0.29184

Figure 1 shows the structure of an unrooted tree, indicating language relationships.
The branches in this tree diagram are not proportional; they simply indicate relationships
between nodes. That is to say, the tree simply represents relationships of the languages. It

does not indicate historical derivations or directions of language change. The computer
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program has examined 601 trees and picked the most appropriate one as shown in Figure
L.

From Table 4 we can see that the largest distance between two languages is 0.98,
which is the distance between Language 2 (Sediq) and Language 15 (Taokas). The
midpoint between the two language nodes farthest apart, ie. between Sediq and Taokas,
can be chosen as the root of the tree, by which we mean the proto-language of all the 19
Formosan languages compared. After obtaining the tree, the directions of historical change
for these languages can be determined.

Let it be noted that each derivation in the tree is always binary. This implies that at
each stage of a language split, it can only split into two, and not more than two, branches.
Although this is only a claim, it is more likely that language actually splits into two, but
not more than two at any point in history. That is to say, binary splits, rather than tertiary
splits, are perhaps closer to reality in language history. A computational tree may show
that a pair of languages share either a relatively long or a short period of common history.
In the case of the former, the results are more reliable, whereas in the latter they are
shakier, due to our limited data. When more updated data become available, we may get a
somewhat different tree indicating somewhat different genetic relationships.

Based on Table 5, which indicates the length between every two connected nodes, and
Figure 1, from which the root of the tree is located, a tree diagram of the Formosan lan-
guages under study can be drawn, as shown in Figure 2. Note that the relative length of
each vertical line leading from each node indicates the time depth of each split for these

languages.

= 8I§ =



Paul Jen-kuei Li

Figure 1. Structure of Unrooted Trees Showing Relationships

2 Sed
!
! 10 Tha
[
' 27-7 Bun
[
P 14  Ami
1! !
Pl 31-13 Kav
1ol !
[ ! 6 Ruk
[N ! !
1o ! ' 5 Sar
[I ! Pl
1ol ! ! 22-4 Kan
[ ! 1o
1o ! 25-21--—- 3 Tso
[ ! !
[N ! ! 9 Puy
[ ! ! !
! 24----30----23 26- 8 Pai
(I
1o 19  Sir
[ !
P ! 18 Hon
Pl [
1] ! 35-17 Pap
[ 1o
Pl ! 33— 16 Bab
[ 1o
! 28 36-34 15 Tao
P
LI 12 Paz
[ !
20-32 29- 11 Sai
!
1
1 Ata

Remember: this is an unrooted tree!

Sum of squares = 0.32283

Average percent standard deviation = 3.08142
601 trees examined
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Figure 2. Formosan Classification (Each language is represented by one

or more than one dialects)

l'—Ata
L Sed
- Sai
—{ Paz
Bun

Tha

! Ami

nav

8ir

6. A Family Tree for Formosan Languages

As indicated in Figure 2, our lexical evidence for the close relationship among the
four northwestern languages (Taokas, Babuza, Papora and Hoanya) lends further support
to the phonological evidence given by Tsuchida (1982:9-11). Similarly, it also lends sup-
port to the hypothesis that Saisiyat and Pazeh have a close relationship among themselves,
and also have a relatively close relationship with the Atayalic languages, as suggested in Li
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(1985). Yet it seems to come as a surprise that Siraya and the four northwestern languages
are shown to constitute one of the two major subgroups of Formosan languages. The limit-
ed data available for these extinct languages can account for the low percentage of
cognates that can be identified for these languages. We are limited not only by the data
available, but also have little control over the quality. !! Our results, with regard to the
unique position of the five extinct Formosan languages, can at best be considered only a
suggestion. They should not be taken at face value.

The problem of inter-dialectal borrowing cannot be easily resolved. As shown in Fig-
ure 2, both Saisiyat and Pazeh have a closer relationship with the Atayalic languages, and
similarly the close relationships between Paiwan and Puyuma, between Kavalan and
Amis, and between Bunun and Thao are not very certain. The close relationships in these
groups of languages could all be attributed to borrowing, as each of these four groups of
languages has been geographically close (see Tsuchida 1983). Some of the borrowing must
have taken place recently: Kavalan has been heavily influenced by Amis, and so has Thao
by Bunun. '> As mentioned above, Rukai and the Tsouic languages may also have

influenced each other for a long time.

7. Another Family Tree for Formosan Languages

The foregoing classification of Formosan languages is based 6n the cognate sets, in
which some languages (including Kanakanavu, Sarroa, Thao and Kavalan) are represented
by only a single dialect, while the others may be represented by two (including Tsou,

Saisiyat and Pazeh) or more (including all the other extant languages and all extinct

11 Let it be noted that there are, in some cases, more different reflexes for the same PAN phoneme
in the extinct.languages than in the other Formosan languages. For instance, Taokas, Babuza
and Hoanya each has 3 to 4 different reflexes for PAN *D (see Li 1985 “Formosan reflexes of
Proto-Austronesian.”) This seems to indicate that each of the extinct languages is represented
by different dialects from miscellaneous sources, rather than truly having so many different
reflexes for the same phoneme.

12 The relationship between Thao and Bunun is most dubious. They share no phonological inno-
vations. They differ in both morphology and syntax to a great extent. Some of the lexical evi-
dence, therefore, can be taken as Thao borrowing from Bunun.
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languages). If a cognate is not retained in one dialect, it may be kept in another. Conse-
quently, when a language has several divergent dialects, we are apt to identify a larger
number of cognates for such a language. The results of such a study may be skewed to a
certain extent.

To safeguard against any possible deviations, we have also calculated the number of
cognates shared by each pair of languages, in which each language is represented by only a
single dialect, as shown in Table 6 below:

Following the same procedure, we can come up with another family tree, as shown in

Figure 3.

Table 6. Number of Cognates Shared by Each Pair of Languages Represented
by Only a Single Dialect

Ata 293

Sed 191 281

Tso 75 64 300

Kan 83 67 217 379

Sar 81 68 219 299 374

Ruk 69 64 109 119 129 219

Bun 82 73 112 116 118 89 211

Pai 66 61 125 139 143 139 101

Puy 63 48 99 99 102 98 81 128 220

Tha 77 70 100 102 101 83 121 96 84 207

Sai 120 91 114 116 121 97 111 110 94 120 267

Paz 91 71 87 91 87 72 86 87 78 106 136 222

Kav 74 60 94 95 92 87 81 92 83 8 99 79 182

Ami 73 65 98 102 103 91 98 105 97 100 107 &7 112 202

Tao 25 24 20 24- 25 19 27 25 24 33 39 40 26 30 85

Bab 27 28 36 37 40 33 40 43 39 47 43 46 33 38 48 99

Pap 25 25 29 30 31 27 30 37 31 38 36 42 29 38 36 48 83

Hoa 20 18 30 34 34 24 33 31 30 37 29 3 30 31 37 49 52 83

Sir 34 27 52 62 61 47 47 53 50 53 50 38 45 50 27 39 32 35 95
Ata Sed Tso Kan Sar Puk Bun Pai Puy Tha Sai Paz Kav Ami Tao Bab Pap Hoa Sir
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Figure 3. Formosan Classification (Each language is represented only

by a single dialect)
]r Ata
_— — sed
Sai
Paz
B Bun
Tha
[ Kav
Ami
l Ruk
Pai
Puy
Tso

Kan
) 1 Sar

Tao
Bab

] Pap

- _____17
Hoa
Sir
L A 1 1

0 1 52 3 4 S

Interestingly enough, Figures 2 and 3 are very similar. The main difference between
the two lies in the position of Rukai. Figure 2 shows that Rukai groups with the Tsouic
languages when each language is represented by one or more dialects, whereas Figure 3
shows that Rukai is most closely related to Paiwan when each language is represented by
only a single dialect (Budali, in the case of Rukai). !* As mentioned above, Rukai is com-

prised of three divergent groups having six different dialects with considerable lexical,

13 A word of caution: Budai has been surrounded and heavily influenced by Paiwan.
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phonological and syntactic differences. It makes a real difference in classification whether
we treat Ruaki as a single language or not.

Both Figures 2 and 3 show the close clustering of Atayal and Sediq, Kanakanavu and
Saaroa, and to a lesser extent the clustering of Tsou and the two Southern Tsouic
languages, and of the four extinct northwestern languages. Higher order subgrouping pres-
ents a serious problem, as most pairs of languages, including Saisiyat and Pazeh, Bunun
and Thao, Kavalan and Amis, Paiwan and Puyuma or Rukai, share a rather short history
of common developments, yet a fairly long history of individual developments, as
indicated in our lexical evidence.

In short, the results of this study seem more suggestive than conclusive. These are per-
haps the best we can achieve for language classification based on lexical evidence. None of
the results have come as a real surprise. They roughly agree with what we have found

about Formosan classification based on phonological and syntactic evidence.
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Subgrouping by Lexical Similarity

Stanley Starosta

Dr. Paul Jen-kuei Li’s article in this issue, Classification of the Formosan languages:
lexical evidence, presents a subgrouping of Formosan aboriginal languages which is con-
structed by means of a computer program which takes only percentages of shared cognates
as input, and produces a genetic classification which groups together those languages
which have more cognates in common. Li himself seems rather ambivalent about the value
of the new method, but he does clearly assert at several points that the degree of lexical
similarity directly reflects the degree of genetic relatedness. I will contend in this note that
in fact it may not, and that genetic subgrouping based solely or even mainly on degree of
lexical similarity is not valid.

Subgrouping by means of lexical similarity is based on the assumption, supported in
Li’s article by neither arguments nor evidence, that languages which have a larger number
of shared cognates in common must have a longer period of shared history than those
which share fewer cognates. Thus if languages A and C share 80% of their cognates with
each other, but each shares only 70% of its cognates with language B, then A and C must

necessarily be descendents of a single language AC which split off from ABC:
Figure 1.

ABC
A N
AC B
A%
A C
However, the validity of this method depends on the assumption that the rate of re-

placement of vocabulary for any language is constant, so that more shared cognates neces-

sarily reflect a longer shared history. If this assumption is incorrect, the lexical similarity
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method could give the wrong tree. Suppose for example that in actual historical fact, A

separated of f first, i.e..

Figure 2.

but that C lost its vocabulary more slowly than the others while B lost its vocabulary much
more quickly. In that case, A and C would come to have a greater percentage of shard vo-
cabulary with each other than either had to B, and a genetic subcategorization based on
lexical similarity alone could produce the tree in Figure 1, a tree which is not in accord
with actual historical language splits as depicted in Figure 2. Although the statistical meth-
od Li uses compares all the languages at once rather than doing this sort of pairwise com-
parison, it still has to start off with the percentages of shared vocabulary at a given point
in time, and so would have to reach a comparable incorrect result.

So, is the rate of loss of vocabulary constant or isn’t it? Even lexicostatistics, which
shares similar assumptions with Li’s method, has never claimed a constant rate of replace-
ment for anything but "basic vocabulary’, and even that minimal claim is controversial. Li
however explicitly abandons this restriction and extends his method to include all vocabu-
lary, not just ‘basic vocabulary’, despite the fact that, as far as I know, no linguist would
claim that the rate of change is constant for all vocabulary. In fact, simple observation
should be enough to show that it is not, since political, social, and technological changes
may result in the rapid introduction of whole new sets of vocabulary and make other sets
suddenly obsolete. That being the case, the rate is not in fact constant, and the lexical
similarity method of reconstructing linguistic history is invalid in principle. QED.

Note that one consequence of the lexical similarity method of genetic reconstruction
is that subsequent events can change prior history. That is, any event which drastically

changes the percentage of shared cognates will result in a redrawing of the genetic
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subgrouping tree. Thus a linguist who applied the lexical similarity subgrouping method to
the Germanic languages in 1065 A.D. would probably have produced a tree such as Figure
3, which matches the tree drawn by the standard comparative method, showing English

and Frisian as sisters.

Figure 3.
Germanic family
North West East
High Low
Old Franconian OId Saxon Anglo-Frisian
A AN
Old English Old Frisian

However, a linguist applying the same quantitative methodology today would almost cer-
tainly produce a different tree because of the dramatic replacement of native Germanic
vocabulary in English by Romance vocabulary beginning with the Norman conquest. In
this new tree, English would no longer be an immediate sister of Firsian; rather, the lower
cognation percentages would require it to be attached somewhere else higher up in the tree.
The lexical similarity methodology would then in effect have made the claim that the
Norman Conquest altered prior history. A method of drawing family trees which tells you
tonight that Ms. S. Doe is your Sister Sally and then tells you tomorrow morning that she
has become your Aunt Sarah does not inspire confidence.

Finally, several practical problems of implementation for this method are clearly
pointed out by Li in his article. These are 1) the tendency for geographically adjacent lan-
guages to have higher percentages of shared cognates, and 2) the related problem of inter-
dialect borrowing and the skewing that results if loans are not clearly distinguished from
true cognates. In fact, the Formosan genetic subgrouping tree Li himself presents in this

paper appears to exemplify this point. According to Li’s computer-drawn tree, Pazeh and
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Saisiyat form one subgroup, Atayal and Seediq form a second, and these two subgroups

together form a single subgroup:

Figure 4.

/

Sai Paz Sed Ata

According to this subgrouping, Saisiyat and Pazeh are equally close to Atayal and to
Seediq. However, the cognate percentages Li presents as the basis for this tree do not bear
this out. While Saisiyat and Pazeh do indeed show high cognate percentages with Atayal,
their percentages with Seediq are not high at all, and in fact are significantly lower than
the percentages obtaining between Saisiyat and Pazeh and a number of languages to the
south. This is of course a problem for any methodology depending on percentages of
shared cognates. Li’s computerized lexical similarity method of drawing family tree does
indeed force a resolution of all discrepancies and produce a single unique tree, but this can
in no way be considered a solution to the problem. Rather, this approach has only
concealed the problem, and in fact it will always necessarily misrepresent some of the
actual input data in any tree containing such discrepancies.

So what can be done to resolve this problem satisfactorily? Statistical methods by def-
inition cannot supply the answer. It seems probable that Saisiyat and Pazeh have such high
apparent cognate percentages with Atayal simply because they are geographically adjacent
to Atayal but not to Seediq, and have borrowed heavily from Atayal. (My own Saisiyat
informant for example was bilingual in Atayal, and hardly ever had the occasion to speak
Saisiyat in daily life.) To solve this problem, it is necessary to identify all the Atayal

borrowings in Saisiyat and Pazeh so that they can be excluded from the lexical similarity
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calculations. The only way I can see to go about this is to do more of what Dr. Li has been
doing so successfully all these years: looking at more data and applying the classical
comparative method to work out the sound correspondences in even more detail, make
better hypotheses about proto-forms and shared innovations, and then eliminate from
consideration those items of vocabulary which don’t fit the scenario. Once this job is
finished, though, a reliable genetic subgrouping tree will have been constructed in the
process, and the lexical similarity method has nothing new to add.

My conclusion from these considerations is that it is not possible to do genetic
subgrouping by feeding percentages into a machine and pulling a switch. It just isn’t that
easy; there are hard judgement calls to make, decisions that can’t be left to a simple
mechanical algorithm. At the same time, the method is very attractive, and there should be
a place where we can put it to work to draw those nice trees. Li has suggested one such
place, that is, in providing an initial approximation of a genetic subgrouping tree, to be
revised and improved as more information on shared innovation is worked out. Another
application might be to regard the results of the program as simply a quantification of the
degree of lexical similarity between two languages, but NOT as a measure of genetic
relatedness. It would then not be necessary to distinguish cognates from borrowings at all.
Instead, we would simply include all similar-looking words in the lists and output a lexical
similarity tree which would allow us to say that, for example, Italian and Spanish are
lexically more similar to each other than either is to French (if they are), or that English
and Japanese are lexically more similar to each other than either is to Mongolian (if that

turns out to be the case).
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Reply to Dr. Starosta’s Comments

Paul Jen-kuei Li

I have profited from Professor Starosta’s comments on an earlier manuscript of this
paper. Moreover, I appreciate his remarks on the paper I have presented here. He has raised
some interesting questions to which there are no easy answers.

I have applied the standard comparative method to the study of Formosan languages
for the past twenty some years with rather fruitful results. I have used it to determine all
the cognates in these languages in both my previous and present research (see Section 4 in
this paper). However, the standard comparative method has its limitations. One is that it is
often not helpful for higher order subgrouping. Another is that it may fail to distinguish
between true cognates from loans especially at an early stage. Nevertheless, the new
method of subgrouping still must utilize cognates that were identified by the comparative
method.

A new method of subgrouping is applied to the study of Formosan languages in this
paper. The results are checked against those achieved through the traditional comparative
method or simply by inspection. The results obtained by the different approaches often
confirm or complement each other, rather than contradict each other. We have not gone so
far as to claim that the new method can replace the standard comparative method.

Professor Starosta has correctly pointed out the problem, just as I have indicated in
my paper (see Sections 4 and 6), that in some cases (such as Saisiyat, Pazeh and Atayal) I
may have failed to completely distinguish true cognates from loans in the input data. Most
cognates have been determined on the basis of regular sound correspondences following the
procedure of the standard comparative method. It is sometimes difficult to determine
whether a certain form in a language is a cognate or not. I have, in fact, weeded out quite a

few borrowings between languages. However, if borrowings take place in the forms that

— 841 —



Paul Jen-kuei Li

contain the segments (consonants or vowels) which have not undergone sound change, the
comparative method cannot determine whether these are loans or true cognates. Naturally
more careful and thorough work needs to be done on the historical developments of all
these languages. When more reliable data become available, we may come up with a
somewhat different subgrouping tree.

Professor Starosta seems to have underestimated the value of Formosan cognates that
I have taken pains to identif'y all these years. I believe these cognates must have a bearing
for genetic closeness of these languages. It seems to me the value of true cognates is much
higher than that of loans. A tree showing lexical similarity between languages due to loans
is of little interest for genetic classification, a case in point being Japanese and Chinese.
Japanese had extensive borrowing from Chinese in history, yet they belong to different

language families, i.e. Altaic and Sino-Tibetan respectively.
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Comments on Subgrouping by Lexical
Similarity

William S. Y. Wang

These 4 points occur to me after reading Starosta’s comments on lexical similarity
(hereafter LS). I would be happy to discuss them with either of you at any time.

(1)The comparative method is rife with unsolved problems. These have been discussed
by many authors. It is by no means a panacea for detecting historical relations. Perhaps the
most famous discussion is by Bloomfield (1933:316), in which he noted the difficulty of
drawing trees for the Indo-European languages. As students of historical linguistics, it is
our task to explore ways to refine, complement, supplement, or replace the comparative
method. Such explorations are necessary for the growth of historical linguistics. LS is at an
early stage of development in linguistics, though it has been applied successfully in
biological phylogeny for many more years.

(2)Let us assume with Starosta’s Figure 2 that the true history is (A (BC)), ie, A was
the first language to split off. Let us also assume that A replaces its vocabulary slowly
while C does it more quickly. The difference in rates of vocabulary replacement would not
in itself result in Starosta’s Figure 1, i.e. ((AB) C). Such a result would only come about if
there are selective forces in C that cause the replacement of a disproportionately large
number of cognates which C shares with B. This hypothetical scenario only carries force if
it can be demonstrated that such selective forces are often at work to a significant extent.
To my knowledge, no such demonstration is available.

(3) No-one can answer the question as yet of ”“at how constant a rate do languages
replace their vocabulary?” Hopefully, more studies of LS can shed some light on this
question. Unlike glottochronology, LS does not assume a constant rate. In fact, all LS

results have shown that rates vary from language to language. These variations are
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explicitly indicated by the length variations in the branches of LS trees. Furthermore, it
should be noted that the branch lengths are relative to each other, rather than absolute in
time. Its temporal value needs to be interpreted by calibration against external
information. This is a critical difference between glottochronology and LS. Another
difference is that LS does not commit to a “basic vocabulary”, the delimitation of which is
extremely difficult and sometimes arbitrary. Yet another difference is that by proceeding
pairwise, glottochronology loses much of the information very useful for larger groupings.
One must not confuse LS with glottochronology.

(4) The point is well taken that massive borrowings can complicate the historical
picture, for LS as well as for any other method, including the comparative method.
However, in the present case, the vocabulary has been carefully scrutinized and sifted for
true cognacy by a recognized authority in the field, i. e, Paul Li. Borrowing across
languages is not restricted to vocabulary, of “course. There is some indication that LS
perhaps can be refined eventually to yield information on the relative amounts of vertical

versus horizontal transmission.
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