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A Concept Formation Experiment on the Nasality
of Vowels in Taiwan Min"

H. Samuel Wang
National Tsing Hua University

In Wang 1996 we performed an experiment to test if the subjects treated the
oral voiced stops and their corresponding nasal stops as the same phonemes. We
found that the [b, m] pair and the [g, ] pair were unambiguously accepted, while
the [1, n] pair was equivocal, and tended to be regarded as different phonemes. We
concluded from the results that the theoretical predictions were generally correct,
but the /I/ phoneme was on the way to be split in two. In this present study we
pursued the corollary question: whether the oral and nasal vowels were considered
different. Four groups of subjects were recruited, with each group involving in one
of four test conditions. In each test condition, the subjects were required to respond
positively to the oral vowel [i], [e], [a] or [0] respectively, and negatively to other
vowels. In the test session, the subjects were tested on how they respond to the nasal
counterpart of the target vowel in the learning session, i.e., [i], [€], [&] or [3]
respectively. The results showed that the test vowels received much more ‘yes’
answers than ‘no’ answers, meaning that they considered the nasal vowels to belong
to the same category as the oral vowels. In other words, nasality is not important in
vowels either. Therefore, we conclude that the segmental theory of the nasal
phonemes in Taiwan Min is not supported by the results of this experiment. We
propose an autosegmental theory in its stead, as outlined in Wang 1995. The
validity of such a claim, however, is a subject for further experimental research.
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1. Nasal vowels in Taiwan Min

Taiwan Min has been known to distinguish between nasal and oral vowels. Thus,
[ti55] ‘pig’ and [fi55] ‘sweet’ are distinguished phonetically only by the fact that the
former word has an oral vowel while the latter has a nasal vowel. It is also observed that
the nasality of the voiced consonants preceding the vowels has to agree with that of the
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vowel in the syllable. For example, [bi33] ‘smell’ and [mi33] ‘noodles’ are good forms
while *[mi33] and *[bi33] are not.

Traditionally, linguists have considered nasality to reside in the vowel (T. H. Tung
1957) because there are syllables such as [i33] ‘yard’ where the nasality cannot be
derived from a consonant. In generative terms, nasality in vowels is underlying, while
that in consonants is derived by assimilation. Thus, in this theory, the difference between
[b] and [m] is considered allophonic, while that between [i] and [i] is phonemic.

In Wang 1996, we performed an experiment to test whether nasality in the voiced
consonants is considered insignificant by native speakers. Three groups of subjects were
recruited in a concept formation test where each group worked on one particular concept:
[b-m], [I-n] or [g-ny]. Subjects in each group were first taught to respond positively to the
oral voiced stop consonant [b], [1] or [g], and negatively to other consonants. In the test
session, the subjects were observed on how they responded to the nasal consonants:
whether they would regard [m] to be in the same category with [b], [1] with [n] and [g]
with [g]. The results showed that the subjects did not consider [b, m] and [g, 5] to be
separate phonemes, although they were undecided about the difference between [1] and
[n]. We concluded that the view that nasality in initial consonants is not significant was
supported (see also Pan 1996).

In this study, we are interested in finding out whether nasality is significant for
vowels. As a corollary to the theory that nasality in initial consonants is not significant, it
is natural to expect nasality to be underlying in vowels, if the traditional assumption
(represented by Tung 1957) is correct. Thus a concept formation experiment was
designed in which the subjects were asked to respond to oral vowels in a syllable, and
decide in the test session whether they thought nasal vowels were distinguishable from
oral vowels.

Concept formation is an experimental paradigm which is quite often employed in
psychological studies. This paradigm assumes that the subjects will respond readily to
concepts which they are already aware of, and poorly to those which they do not have. In
this type of experiment, the subjects are asked to respond positively to tokens containing
the target concept and negatively to others. After the subjects make the response, they are
usually reinforced with ‘yes’ or ‘no’ such that they can check their answer against the
reinforced answer.

In one form of the experiment, which is used in this study, the subjects are tested on
whether they can extend the concept which is formed in the learning session to some new
tokens. We trained the subjects to respond positively to an oral vowel ([i, e, a, 9]
respectively in each group) in the learning session, and negatively to others, and observed
how they responded to their nasal counterparts ([i, &, 4, 3). We assume that if the nasal
vowels are distinctive from the oral vowels as traditionally assumed, the subjects should
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respond negatively to the nasal vowels. For a more detailed explication of the concept
formation experiment paradigm, see Jaeger 1986.

2. The experiment
2.1 Subjects

Eighty college students were recruited from Freshman English classes at National
Tsing Hua University. The students took part in the experiment voluntarily and were
tested in groups in the language lab. The subjects indicated in the questionnaire their
proficiency of the language. Only the responses from the subjects whose native language
was Taiwan Min and who had no prior experience with any romanization systems of
Taiwan Min were included in the analysis.

2.2 Procedure

The subjects randomly chose their seats in the language lab. Each subject had a tape
recorder containing a pre-recorded tape in front of him/her. The tape contained the
stimuli for one of four test conditions (see Appendix for a list of stimuli). The four test
conditions were [i-1], [e-E], [a-4] and [0-3]. The objective was to train the subjects to
respond positively to the target oral/ vowel in the learning session in each condition, and
test how they would respond to the nasal counterpart of the target vowel. There were 75
stimulus items in each of the conditions. For these 75 items, the first 5 were
demonstration items which contained the target oral vowel ([i], [e], [a] or [9]), the next 50
those of the learning session, and the last 20 those of the test session. Each demonstration
item, as well as the other 70 items, consisted of a two-syllable word or phrase such that
the target sound was easily identified. For example, the subjects in the first condition
heard [ti ba] ‘pork’, and were asked to observe the second sound of the first syllable
(which is [i]). The subjects were told that the five demonstration items all contained the
sound to be identified, and that the sound appeared at the second position of the first
syllable. They were encouraged to make an initial guess at what this target sound might
be from these demonstration items.

The next 50 items were the learning session. Among the 50 items, half (25 items)
were positive items which contained the target oral vowel ([i], [e], [a] or [9]) in the
second position of the first syllable, and the other half were negative items. Seven of the
negative items contained irrelevant vowels (3 nasal and 4 oral) in the first syllable, and
were used across all four test conditions. The remaining 18 were stimuli from the other
three conditions, 6 each, among which 4 were oral and 2 were nasal. In this way, there

185



H. Samuel Wang

were both nasal and oral vowel stimuli in the learning session, although all nasal stimuli
were negative tokens.

The items in the learning session were arranged using the same randomization result
for all four conditions. That is, where a positive item appeared in one condition, the other
three conditions also had a positive item, and the same was true for each of the negative
items. This procedure guaranteed that the subjects in all four conditions had the same
chance to form the intended concept. An additional constraint also insured that no more
than three positive or negative tokens occurred together in succession.

The presentation of each item was as follows: the stimulus was read twice to the
subjects, then there was a four-second period of silence on the tape. The subjects were
instructed to respond with [u33] (meaning ‘yes’) or [bo24] (meaning ‘no’) during this
pause to indicate whether they thought the item contained the target sound or not. After
the four-second pause, the tape supplied the correct answer, and the subjects were asked
to check their response against this feedback and to confirm or modify their assumptions
accordingly.

The remaining 20 items constituted the test session. Among these items, 6 were test
items which contained the nasal vowel to be tested ([i], [€], [4] or [3], respectively). The
other 14 items were the reinforcement items which contained 4 positive items with the
same stimulus oral vowel ([i], [e], [a] or [9]) as the positive items in the learning session,
and 10 negative items which contained none of the critical sounds. Nine of the 20 items in
the test session were presented in the same way as those in the learning session; i.e., the
stimulus was read twice, followed by a four-second pause, then followed by [u] ‘yes’ or
[bo] ‘no’. The other 11 items differed only in the nonappearance of the correct answers
([u] or [bo]) after the pause. These 11 items included all 6 test items, 1 positive
reinforcement item and 4 negative reinforcement items. Again, all 20 items were
randomized in the same way for all four conditions, with no more than three positive or
negative items appearing in a row. The no-feedback items appeared no more than twice in
succession, and none of the 6 test items appeared consecutively.

The subjects were told beforehand the way each item was to be presented. They
were also told that in the latter part of the experiment, feedback would not be supplied for
some of the items. They were told that these items were the test items to see whether they
had recognized the sound they were asked to identify. There was no marked break
between the learning session and the test session. The subjects’ responses were recorded
on the stimulus tapes. The experimenter listened to the tapes afterwards and tabulated the
responses.

Because of experimental difficulties, the numbers of subjects in each condition were
uneven. There were 21 subjects in Conditions 1 and 3 ([i] and [a]), 20 in Condition 2 ([e]),
and 18 in Condition 4 ([9]).
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2.3 Results

Criterion was set at correct responses to 10 consecutive items at any point in the
learning session. That means, whenever a subject answered 10 items in a row correctly
anywhere in the learning session, he/she is considered to have identified the sound in
question. However, due to some mishandling in the recording process, an item (item 31 in
the randomized presentation)' was not recorded into the tape for Condition 4 ([0-3]).
Therefore, the responses to item 31 in all four conditions were deleted from the following
analyses. Of the 80 subjects, 50 reached this pre-set criterion. The table in (1) shows the
tabulated results.

(1) Tabulated results of the experiment

A=Number of subjects reaching criterion

B=Percent of subjects reaching criterion

C=Mean number of trials before reaching criterion

D=Ranges of number of trials before reaching criterion

E=Mean number of errors made after reaching criterion in learning session
F=Mean number of items responded to correctly in the learning session

G=Mean number of reinforcement items responded to correctly in the test session
H=Mean number of [u] ‘yes’ answers to the 6 test items

A B C D E F G H

[i-1] (N=21) 12 57% 17.8  10-31 0.75  44.83 13.58 4.83
[e-€] (N=20) 9 45% 153  10-27 0.67  46.22 13.78 5.00
[a-a] (N=21) 16  76% 182  10-41 1.13  45.00 13.82 4.75
[0-3] (N=18) 13 72% 239 10-46 2.62  41.46 12.93 4.38
Total (N=80) 50 63% 19.1 10-46 1.34  44.26 13.52 4.72

ANOVA tests:

C: Fpu6=1.83, p=.16, not significant

E: F3346=1.83, p=.16, not significant

F: Fi46=2.91, p=.04, marginally significant
G: F46=3.01, p=.04, marginally significant

' The item is No. 9 on the unrandomized list. See Appendix.
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In this table, ‘mean number of trials before reaching criterion’ (C) means the number
of items the subject had done before he/she was able to answer 10 consecutive items
correctly. Since the subject had to answer 10 items correctly before he/she was
recognized as having reached the criterion, the minimum number is 10, and the maximum
number is 49.2 Table (1) shows that the 12 subjects in Condition 1 who reached criterion
did so between the 17" and 18" items on average (C=17.8). Also among these 12 subjects,
some reached criterion from the very beginning (getting the first 10 items correct), and
some did it as late as the 31% item (D=10-31). After the subjects reached the criterion,
they are regarded to have got hold of the concept, and are able to answer the items
competently. All errors that occur after the subject reached criterion are regarded as
performance errors. These errors are nonetheless recorded in (E) to show that they are
rare and are really performance errors.

Among the 80 subjects, 50 reached this preset criterion. The ensuing analyses were
based on the responses by these 50 subjects.

The numbers in ‘F’ column show the means of total correct answers given by
subjects in the learning session. The highest possible number in this column is 49 (50
items minus item 31), in which case the subject would have answered all 49 items in the
learning session correctly. The numbers in ‘G’ refer to the means of total correct answers
given to the 14 reinforcement items. The numbers in ‘Test” show the mean numbers of
‘yes’ answers given to the test items. Since there were 6 test items, the maximum number
in this column is 6.

ANOVA tests were then done for the four variables to compare the differences
among all four conditions. Although F and G comparisons were marginally significant,
Scheffe tests did not show significant differences between any two conditions.

On average, the subjects who reached criterion did so at the 19" items (D=10-46).
Among the 49 items in the learning session, the subjects answered an average of 44.3
items (91%) correctly. The distribution of the responses by the subjects is shown in the
table in (2). (“Null” means that no response was provided by the subjects).

(2) Number and percent of [u] and [bo] answers made to the items in learning session

Condition 1: [i] [u] ‘yes’ [bo] ‘no’ Null
Positive items(N=288) 256 (89%) 25 (9%) 7
Negative items(N=300) 15 (5%) 282 (94%) 3

Percent correct=92%

% Fifty items in the learning session minus item 31.
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Condition 2: [e]

Positive items(N=216) 196 (91%) 17 (8%) 3
Negative items(N=225) 52%) 220 (98%) 0
Percent correct=94%

Condition 3: [a]

Positive items(N=384) 349 (91%) 27 (7%) 8
Negative items(N=400) 28 (7%) 371 (93%) 1
Percent correct=92%

Condition 4: [9]

Positive items(N=312) 253 (81%) 55 (18%) 4
Negative items(N=325) 36 (11%) 286 (88%) 3
Percent correct=85%

Of the 14 reinforcement items in the test session, the subjects answered about 13.5
items (97%) correctly (G), which is a great improvement as compared to the learning
session. The improvement is due to the learning effect, and is of course expected. The
tabulated responses are shown in the table in (3).

(3) Number and percent of [u] and [bo] answers made to the reinforcement items in the
test session

Condition 1: [i] [u] ‘yes’ [bo] ‘no’ Null
Positive items (N=48) 46 (96%) 2 (4%) 0
Negative items(N=120) 3 (3%) 117 (98%) 0

Percent correct=97%

Condition 2: [e]

Positive items(N=36) 35 (97%) 1 (1%) 0
Negative items(N=90) 0 (0%) 89 (99%) 1
Percent correct=98%

Condition 3: [a]

Positive items(N=64) 63 (98%) 1 (2%) 0
Negative items(N=160) 2 (1%) 158 (99%) 0
Percent correct=99%
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Condition 4: [9]

Positive items(N=52) 46 (88%) 6 (12%) 0
Negative items(N=130) 8 (6%) 122 (94%) 0
Percent correct=92%

As table (1H) shows, of the 6 test items, the subjects accepted about 4.72, on average,
and regarded them as belonging to the same concept taught in the learning session. The
responses are tabulated in (4).

(4) Number of [u] and [bo] responses made to the 6 test items

[u] ‘yes’ [bo] ‘no’ Null
Condition 1: [1] (N=72) 58 (81%) 14 (19%) 0
Condition 2: [€] (N=54) 45 (83%) 9 (17%) 0
Condition 3: [d] (N=96) 76 (79%) 20 (21%) 0
Condition 4: [3] (N=78) 57(73%) 21(27%) 0

Table (4) shows that the subjects obviously preferred to consider the nasal vowels to
belong to the same category as their oral counterparts, although the percentages of ‘yes’
answers were not as high as those in (3). In order to test the significance of the differences,
we compared the [u] yes responses to the test items with those to the positive
reinforcement items, and we also compared the [bo] no responses to the test items with
those to the negative reinforcement items. Wilcoxon signed-ranks tests were used for this
purpose, and the results are shown in (5).

(5) Comparisons of responses to test items against those to reinforcement items.

[u] vs. positive reinforcement items  [bo] vs. negative reinforcement items

[i] Z=-20226 p=.0431 Z=-3.1275  p= .0018
[e-€] Z=-17691 p=.0769 Z=-2.6941  p= .0071
[a-4] Z=-20935 p=.0363 Z=-3.4405  p= .0006
[0-3] Z= 21477 p=.0317 Z=-3.1886  p= .0014

Among these comparisons, the ‘yes’ answers to test items are slightly significantly
different from those to the positive reinforcement items, except for the second condition
[e-€], which is not significantly different. However, the ‘no’ answers to test answers are
all very significantly different from those to the negative reinforcement items. This
indicates that the subjects’ answers to test items were more like positive items than
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negative items. The differences between the ‘yes’ and ‘no’ answers to test items can be
shown from the following chi-square comparisons.

(6) Comparisons of [u] and [bo] responses made to the 6 test items

[u] ‘yes’ [bo] ‘no’ %2 p
Condition 1: [1] (N=72) 58 14 26.89 <.001
Condition 2: [€] (N=54) 45 9 24.00 <.001
Condition 3: [8] (N=96) 76 20 32.67 <.001
Condition 4: [3] (N=78) 57 21 16.62 <.001

The ‘yes’ answers clearly outnumbered the ‘no’ answers. This result shows that
although the nasal vowels did not receive as many ‘yes’ answers as the oral vowels, they
tended to be regarded as belonging to the same category as the oral vowels.

3. General discussion and conclusion

The results from our experiment indicate that the subjects accepted nasal vowels as
belonging to the same category as the oral vowel, although there were differences in
acceptance rates. This result is rather unexpected. If in a CV syllable, the locus of nasality
is neither in the consonant (as demonstrated in Wang 1996) nor in the vowel (as shown in
this experiment), then how is nasality represented underlyingly?

One obvious alternative is for nasality to be represented at the syllable level. Wang
1995 suggests that nasality is an autosegmental feature in Taiwan Min, and that syllables
are either nasal or nonnasal. Thus the segments are not significantly nasal or nonnasal,
but the syllables are. Li 1986 presents evidence from rhyming in poems and lyrics of
songs and argues that nasality is not distinctive segmentally in Taiwan Min. Rather, he
suggests that nasality is a suprasegmental feature. Other linguists (e.g., Li 1985, C. H.
Tung 1990, Wang 1998) also suggest that nasality is a syllable rather than a segmental
feature. In the results obtained from these experiments, evidence seems to point to the
reality of such a claim, although we need positive evidence to establish its validity.
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Appendix: Stimuli used in the experiment

The following list contains the stimuli used in the four conditions before

randomization.

Condition 1: [i-1]

Condition 2: [e-€]

Condition 3: [a-3]

Condition 4: [0-3]

Demo items
ki55 hen24
ti33 ba?31
gi33 lan24
bi21 s021
¢"i51 giam33

Learning session

Positive items
1. bi55 kok31
2. ci55 to33

3. hi55 su33

4. k"55 ko55
5.1i55 iu24

6. pi55 kau21
7. "33 cien24
8. hi33 bap33
9. 133 sin55
10. k"33 hu33
11. gi33 sim55
12. ki33 kuai21l
13. 5133 kan55
14. bi21 lai24
15. c"i21 titi24
16. gi21 bu33
17. 1121 pian33
18. pi21 c"u51
19. ti21 liau24
20. ¢i51 k"i21
21. 51 kik31
22. hi51 kn51
23.151 kian21
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Test session

Test items

51.
52.
53.
54.
55.
56.

Ci33 cai24
pi51 bin33
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ni33 ko55
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se51 kai2l
te51 kun33
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Positive reinforcement items

57.k"i55 tan24  #EF  e55a51 B ca33poSS  F) N boSStans5  fHL
58.ci33plio2l  TEI c"e33it31  ¥I-  K'a55gi51  ISE poSlclan24  fF[
59.ti21c"y55 4 se51han21  AF1E: ka33 cua33 éﬂgﬁ t033 "33 ity
60. ki51 liam33  5el 4 21 hiau51 PF?EE% p'a51 kiu24 IR ho2lsu33

Negative reinforcement items

61.1e55 mau33 WS 1i55 iu24 I le55 mau33 W 1e55 mau33 gl
62.k%33 c"usl =Wl K'a33cMiusl <RI 1i55iu24 R k"a33 cMiusl <R
63. g021 hue33 ,?{FT 2521 hue33 ?ﬂﬂﬁ g521 hue33 ,?;@Fj 1i55 iu24 ZEIEN
64.c"051 bi51  BEK  c"o51bi51 Bk c"o51biS1 ik c"o51bis1 B
65.bus5su33 A buSS5su33 A buSSsu33 A buSSsu33 A

66. k51 tio2l  fIE] ni33kosS  FIff kesltio2l  FIE| keSltio2l AR
67. k355 co2l It kas5 co2l It ni33 koSS U;‘IFF[ kas5 co2l =it
68. m333 p&33 < m333pE33  F m333pE33 L nid3 koSS FU
69.m21k"ips1 ) m21K'igSl P m21K'ipS1 | m21 k"ips1 T‘}‘E
70. pn21 tiam21 ﬁ}irfﬁ pn21 tiam21 ﬁ}i?‘, pn21 tiam21 é}irfﬁ pn21 tiam21 é}irfﬁ
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