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Abstract

Syllable structure and the basic level of phonological representation in Korean
were explored using sound similarity judgments and concept formation technigues. For
syllable structure, experiments were designed to test whether a CVC syllable in Korean is
divided into CV and C or into C and VC. For the basic level of phonological
representation, the experimental question was which is @ more basic phonological unit in
Korean: the segment or the syllable?

In the sound similarity judgment experiments, subjects listened to pairs of words
and judged on a scale how similur each pair was in sound. In Experiments 1 and 2, CVC-
CVC pairs with the same CV were judged more similar in sound than those with the same
VC, which was in contrast with the previous research on English where the opposite
results were found. These results suggested that CV is a more salient subcomponent of a
CVC syllable than VC, thus favoring the left-branching (CV-C) over the right-branching
(C-VC) analysis for Korean syllable structure. Using disyllabic CV.CVC-CV.CVC pairs,
Experiment 3 compared predictions of sound similarity judgments based on a phoneme
count vs. a syllable count. It was found that the syllable was a more important predictor
than the phoneme, contrasting again with the previous research on English.

Concept formation experiments were designed to test the ease of learning target
word sets defined in terms of a common CV vs. VC (Experiment 4) and a common C vs.
CVC (Experiment 5). The results of Experiment 4 suggested that the CV-based concept
was much easier to learn than VC-based concept, conforming to the results of
Experiments 1 and 2. In Experiment 5, subjects learning the syllable concept found the
task much easier than those learning the phoneme concept.

Taken together, the results of the present experiments clearly support a left-

branching syllable structure and the primacy of the syllable in Korean, and thereby shed



doubt on the hypothesis of a universal right-branching syllable structure and on the role

of the segment as a universal basic phonological unit.
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CHAPTER ]
KOREAN PHONOLOGICAL UNITS AND EXPERIMENTATION

1.1. Overview

There can be little doubt that the phonemic segment and the syllable both play
major roles in the phonology of Korean, as in other languages. This is reflected in the
unique writing system of Korean, in which not only individual phoneme-sized letters are
written but these letters are combined to form syllable-like orthographic “packages™ as
well. In fact, a great deal of Korean phonological theory assumes implicitly or explicitly
the existence of both phonemes and syllables. Furthermore, subsyllabic units
intermediate in size between the phoneme and the syllable have also been hypothesized,
such as the rime (VC unit) and the body (CV unit).

Since the 1980°s, a variety of experimental techniques have been applied to test
the psychological reality of these units in English (the phoneme and the rime, in
particular). The increase in experimentation has been based on the recognition that “if
linguistic theories are to be considered psychologically real, then even the most basic or
self-evident of their claims needs to be supported with empirical evidence” (Jaeger,
1980b: 233). In the same vein, Derwing and Nearey (1986: 188) argued that “the task of
psycholinguistics is not to take the findings of purely descriptive linguistics for granted...
but rather to ascertain whether the proposed entities have any psychological validity in
the first place.”! In the Korean phonological literature, however, there have been very
few experimental studies on the psychological reality of these basic units.?

The purpose of the present work is to assess the psychological status of these units
in Korean by applying two widely disparate experimental techniques: global sound
similarity judgments (SSJ) and concept formation (CF). Both the extension to Korean

and the use of diverse techniques were purposeful: Cross-methodological validation is



t

important to ascertain that experimental results do not vary as a function of a particular
experimental design, and cross-linguistic investigation is always necessary whenever
issues of universality are at stake. In this latter connection. therefore. the present
experiments were designed in such a way that the Korean and English results could be
compared as objectively and directly as possible.

Since there can be numerous ways to go about testing the psychological status of
such units, the present study focuses on the following two issues: syllable structure and
the basic level of phonological units in Korean. First, does the Korean syllable have an
internal structure that is left-branching [[CV|C] or right-branching [C]VC]]? Second,
what is the most basic representational unit in Korean (i.e., the size or level of unit that
Korean speakers most readily manipulate in a variety of experimental tasks)? The
phoneme hypothesis suggests that a CVC syllable can be best analyzed as C-V-C, and
that each phoneme plays a key role of a basic discrete unit. On the other hand, the
syllable hypothesis states that the syllable as a whole plays a more salient role than do the

individual segments that together comprise it.
1.2. Syllable Structure
A variety of theoretical models have been proposed in the literature on syllable

structure. Figure 1.1 below represents the four of these hypothesized models.

FIGURE 1.1. FOUR MODELS OF SYLLABLE STRUCTURE

S S S S
/N /N /1A /I \
o R B Co O VvV G \% M
/N /N /N
A" Co 0] \Y 0O Co
MODEL A MODEL B MODEL C | M()Dfélj_g_____

S = syilable, O = onset, V = vowel, Co = coda, R =rime, M = margins, B = body?



In English, it has long been assumed that Model A is correct; in fact, claims of
universality have ever been made. One notable proponent of this “universal rime
hypothesis” (URH) is Fudge (1969, 1987), who simply dismisses Model B, by stating
that “No scholar to [his] knowledge has ever espoused [it].” (1987: 360). Instead,
arguing primarily against Model C (e.g., Clements and Keyser, 1983), Fudge provided
several pieces of naturalistic evidence in support of Model A, including distributional
constraints (e.g., Selkirk, 1982), the weight of the rime, speech errors (e.g., Fromkin,
1971), and word games. Briefly. Fudge’s (1987) point was that all these spontaneous
effects could only be satisfactorily explained by positing a rime unit that is intermediate
in size between the individual phonemes and the whole syllable.

In fact, as far as English is concerned, considerable evidence has also been
garnered in favor of Model A, using a variety of different experimental techniques,
among them: (i) experimental word games (most notably, word-blending, as in Treiman,
1983, 1984, 1986); (ii) unit counting (Dow, 1987); (‘ii) substitution-by-analogy
(Derwing. Nearey, and Dow. 1986); (iv) short-tern memory recall (Treiman and Danis,
1988): and others. To illustrate with a word-blending example, for instance, Treiman
(1983) asked subjects to take a pair of meaningless but well-formed English
monosyllables (e.g., /krnt/ and /glape/) and to combine them into a new monosyllabic
word that contained parts of both. Her subjects produced /krape/ {onset of the first
syllable plus rime of the other) far more frequently than any other possible combination.
All of the other experimental studies cited also showed the prominence of the rime within
the English syilable. a result that was compatible with Model A above (i.e., the view that
the English syllable is not only hierarchical in structure but also right-branching).

As for Korean, however, this issue is more controversial. Model A has been most
widely accepted in the theoretical literature on the subject (e.g., Kang, 1991; Kim, 1986;

Kim-Renaud. 1978: Lee, 1993; Sohn, 1987). There has also been some advocacy of



Model C on the grounds of lack of strong evidence for either Model A or Model B (c.g..
Kim. 1984a). Arguments for Model A in Korean in general boil down either to a rather
non-critical acceptance of the URH or to denying the appropriateness or adequacy of the
behavioral evidence used by the proponents of Model B (e.g.. Ahn, 1988; Cheon, 1980);
Gim, 1987; Kim, 1990). We will now briefly discuss some of this evidence.

First, on the basis of some speech error data in Korean, Cheon (1980) argued that
there was much evidence to suggest that the Korean syllable has a CV-C structure. unlike
the C-VC structure that Hockett's (1967) data indicated for English. Some of Cheon’s

examples were as follows (. indicates a syllable boundary):

cil.sa.ka.mun.lan... - mul.sa.ka.gin.lan... ‘notin order’ (p.23)
ca.gip.se — cap.sa ‘reference book’ (p.20)

val.mip.sapg... — yap.sap ‘somewhat hateful’ (p. 20)

As the underlined segments above indicate, the first example above shows that CV
sequences of CVC syllables were transposed, and the last two examples illusirate the
omission of CV sequences (together with a coda in the last case). Cheon (1980)
maintained that it was in general quite natural in Korean for a syllable-initial CV to be
transposed or omitted as a unit.

There is other behavioral evidence for the body-coda structure in Korean, as well.
Gim (1987), for example, cited language games, in which “nosa” or “pV" (where V is a
copy of the vowel from the preceding syllable) is inserted between the CV and the C of a

CVC syllable:

chal.su ‘person’s name’ — cMa.po.sal.su (p.51)

kwan.ho ‘person’s name’ — kwa.pag.ho (p.53)



Compare these examples with English word game “Pig Latin.” in which pig, for example,
changes to igpay. While the Korean word games require the syllable /chal/ to be divided
into /cha/ and /I/ (i.e., CV and C), the English case shows the division of the syllable /prg/
into /p/ and fig/ (i.e., C and VC). This contrast seems to support the idea that the two
languages have different syllable structures. However, Lee (1993) argued that these
Korean word games had nothing to do with syllable structure; rather, since the to-be-
inserted syllable started with a consonant, it could only be inserted after the vowel, since
insertion after the initial C would result in unpronounceable sequences with CC clusters,
such as *chpo.sa.al.su (p. 40).

As another piece of evidence for Model B, Gim (1987) pointed out that children
learn a syllable such as wden <son>* as a combination of “4-" <s0> + *“ L <n> but not
by “A o> 4 " <on> (p. 47).5 However, Kang (1991) argued that, irrespective of
syllable structure, the combination of <so> + <n> is easier to learn than the combination
of <s> + <on>, because the former has easy-to-recognize /so/ as an initial sequence but
the latter has /s/, which is unpronounceable in isolation. (That the same argument could
be applied to a final consonant seems to be beside the point.) In sum, while word games
and orthography are used as evidence for a left-branching syllable structure by the
proponents of Model B, they are considered as “nonarguments” for syllable structure in
Korean by the proponents of Model A.

There are also some word formation processes in Korean that are used as evidence

for both models:

Model A: /a.ki/ = /[ca.ki/ ‘charming’ (Kang, 1991: 45)
/al.t’il/ = [sal.t’il/ ‘frugally’ (Kang, 1991: 46)

Model B: /a.sak/ — [a.ga.sak/ ‘munching’ (Ahn, 1988: 350)
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/sol/ + /namu/ - /so.na.mu/ ‘pine tree” (Ahn, 1988: 351)

In the examples for Model A, a null onset alternates with another onset /c/ or /s/, leaving
the rime intact. In the examples for Model B. on the other hand, either a CV sequence is
reduplicated or the coda is deleted, leaving the body intact. As we discussed in the
language game and orthographic evidence above. however, the same kinds of dismissal
arguments could also be used for such cases of language-internal evidence.®

The first major experimental appreach to this issue on the Korean syllable was
taken by Derwing, Yoon, and Cho (1993), who used a forced-choice version of Treiman’s
word-blending task (see also Wiebe and Derwing, 1994). Subjects were asked to choose
the better or more natural blending form out of two input syllables. Sample test items
were as follows, showing how both ‘left-to-right’ and ‘top-to-bottom’ ordering were

controlled in that study:

1. (a) sam + thog — sog 2. (a)thog + sam - thom

(b)sam + thog — sag (b)thog + sam — tham

Overall, subjects preferred body+coda blends (i.e., Ib and 2a) over onset+rime blends
(i.e., 1a and 2b), regardless of the order in which the two input words were presented.
Later, Yoon (1994a) confirmed that there was again significant preference for body+coda
blends. These results supported Model B, which, as already noted, was also supported by
such behavioral evidence as speech errors (Cheon, 1980) and word games (Gim, 1987).
Taken together, experimental and naturalistic evidence sheds serious doubt on English-
like structure for the Korean syllable. Derwing, Yoon, and Cho (1993: 227) reached the

following tentative conclusion:



Korean vowels are indeed more closely linked to preceding consonants
than to succeeding ones, a result that is consisten* with 2 left-branching
model of the syllable. This is precisely the opposite result to that found
for an onset-rime language like English and constitutes a direct challenge

to the notion of a universal right-branching approach to syllable structure.

In the present work, two further experimental techniques, sound similarity
judgments (SSJ) and concept formation (CF), are applied to the investigation of syllable
structure in Korean. Briefly, the SSJ task will test whether syllable structure is reflected
in subjects” judgments of overall sound similarity of pairs of Korean words, and the CF
task will compare the ease with which subjects learn a concept based on a common Ccv
vis-a-vis a concept based on a common VC. The main purpose of this application was to
firm up our previous findings (Derwing, Yoon, and Cho, 1993: Yoon, 1994a; Yoon and
Derwing. 1994) and o provide a strong cross-methodological validation for them, using

less direct kinds of experimental tasks.

1.3. Basic Level of Phonological Representation

The issue of a universal basic representational unit for language has not been
completely resolved, as both the segment (phoneme) and the syllable continue to compete
for the ultimate prize. Although anecdotal, the classical work of Sapir (1925) provided
some early quasi-experimenta! evidence for the psychological reality of phonemes, as his
informants seemed to ignore allophonic differences and to make phoneme-like
judgments. The development of alphabetic writing system has also been taken as support
for the phoneme. although there is an intractable problem of circularity involved (i.e.,
whether the knowledge of alphabets precedes phonemic awareness or vice versa; see

Dow. 1987): moreover. not all languages have adopted the alphabetic model. There is
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also considerable evidence in favor of the syllable. In language acquisition, for example.
young children seem to manipulate whole syllables much better than smaller units,
including the phoneme, irrespective of their native language background. Adults
unfamiliar with alphabetic writing systems seem to do much the same (e.g.. Morais,
Bertelson. Cary. and Alegria, 1986: Morais, Cary. Alegria, and Bertelson, 1979; Read,
Zhang. Nie, and Ding. 1986). There is also evidence to suggest that speech is primarily

¢.. Fromkin, 1971, argues that phoncmes are

&

encoded in terms of the syllable (e.
transposed on the basis of syllable structure).

Psycholinguistic experiments have also provided evidence for both the phoneme
and the syllable. Most notably, the detection paradigm in the 1970°s provided mixed
results for English. The phoneme, which was considered “nonperceptual™ in Savin and
Bever (1970), was emphasized as psychologically more basic than the syllable by Foss
and Swinney (1973). Later. McNeill and Lindig (1973) and Healy and Cutting (19706)
suggested that both the phoneme and the syllable are psychologically real phonological
units in English, and that their relative prominence can vary as a function of experimental
design.

Instead of comparing the two units, Vitz and Winkler (1973) focused on testing
the role of phonemes in predicting the judged sound similarity of English word pairs. In
spite of its rather simple algorithm based only on a phoneme count, their model was able
to predict a substantial portion of the variance in similarity judgments (sce section 2.2.2
for details), providing strong evidence for the phoneme as a basic perceptual unit in
English. Other experimental studies followed in the 1980’s, supporting each of the three
fundamental characteristics of the phoneme that were summarized by Derwing, Nearey,
and Dow (1986): (i) as a class of ailophones; (ii) as a smallest nondiscriminable
perceptual unit; and (iii) as a discrete segment. The first characteristic was confirmed by

Jaeger (1980ab, 1986a). Using the concept formation technique, she showed that English
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subjects spontaneously categorized various allophones of /k/ into one phoneme category.
Derwing and Nearey (1981) also found that allophones of /t/ are perceived as equivalent
to one another, supporting the second characteristic. Finally, using the unit counting task,
Dow (1987) showed that English subjects had no trouble segmenting the words into units
that were largely consistent with a traditional phonemic analysis. In sum, the
experimental results in the 1980’s, taken together with Vitz and Winkler’s (1973) results,
all seemed to confirm that the phoneme was a basic unit in English.

However, as often discussed in the experimental phonological literature (e.g.,
Derwing, 1992b; Derwing and Dow, 1987; Mann, 1986b; Otake, Hatano, Cutler, and
Mehler, 1993; Read, Zhang, Nie, Ding, 1986), most of these results have been strongly
colored by orthography. For example, after comparing the phonemic categorization
behavior of English and Japanese speakers, Jaeger (1980a) noted a relationship between

the basic units recognized and the type of orthography employed:

For English speakers, the phoneme-sized unit is the basic level at which
they [speakers] interact with the sounds of their language; syllables,
words, etc. are superordinate levels and features are a subordinate level.
For Japanese speakers, the syllable is a basic level of categorization of the
sounds of their language; words, etc. are superordinate, and phonemes,

features, etc. are subordinate. (p. 146)

Derwing, Nearey, Beinert, and Bendrien (1992) also pointed out the potential role of

orthography in testing the universal basic level of phonological representation:

There is at least some circumstantial evidence that casts suspicion on the

idea that the segment is the natural or universal basic representational unit.
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For literate speakers, in fact, there appears to be a tie between the type of

orthographic systems used and the size of the representational units

recognized, and while segment-based alphabetic writing systems are now

widespread. large residues persist of historical precursor systems that

employ larger units, such as words (logographs). syllables, morae and

others. (p. 289) [emphasis added]

In testing the viability of the candidate units, what is necessary then is not only cross-

methodological validation but also cross-linguistic comparison, avoiding as much as

possible any contaminating orthographic effects.

Korean provides an interesting testing ground to this end, since its orthography

employs at once syllable-like units and phoneme-sized letters. The Korean orthographic

system hangul (pronounced as /han.kil/) is at once alphabetic like Indo-Europcan

languages in that all phoneme-sized units are individually written, and syllabic in that

individual phoneme-sized letters are grouped to form a syllable-like orthographic unit, as

well:

FIGURE 1.2. SYLLABLE-FORMING RULES IN THE KOREAN ORTHOGRAPHY

(] + }- 0]-
4 d

o + } - O_}
a k ak

o) + } 1]—
k a ka
P W
k a k kak

A unique characteristic of the Korean orthography indicated in Figure 1.2 above is that all

syllables are written in an equisize square, regardless of the difference in the number of
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phonemes. Especially notable is the fact that, for syllables that begin with a vowel, the
silent letter ‘0" is added to maintain the consistent size and the shape of the syllable as a
whole.

Few studies in the Korean phonological literature deal with such basic issues as
the status of the phoneme vis-a-vis the syllable. Based on a traditional phonemic
analysis, Martin (1951) posited a phonemic inventory for Korean. Under the influence of
generative phonology (e.g., Chomsky and Halte, 1968), most later studies on the Korean
phoneme focused on positing underlying forms and rules for deriving surface forms (e.g.,
Kim-Renaud, 1986; Lee, 1976). As far as our knowledge goes, there has been no study
on the issue of basic level of representation in Korean similar to the English studies
sketched above. As a result, there has been no experimental evidence either for or against
the psychological reality of the phoneme or the syllable in Korean. However, there is
some behavioral evidence that the syllable in Korean may play a role that is at least as
important as the phoneme\is in English.

The first evidence is related to the fact that the number of syllables is a salient
factor in versification. The traditional poetry sico employs the syllable count as a metric

unit. The sico consists of three lines, and each line contains four phrases, as presented

below.”
8 6 A 1
L ompo] & 4oy WEEEI O FI IOV
hig mag i yu su ha ni manwal t2 to chu cho lo ta
)
ey Yyl &oHol ¥ e
o pzknyan wapg ap | mok cak e pu chyas i ni

fr
u
L

R I R N S 2

rlr

sak yapg e ci na nin k&k 1 nun mul kya wa ha no la
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From the number of syllables used in each phrase. at least three basic patterns can be
identified: (i) The first phrase in each line always consists of three syllables: (i) most
phrases contain three to four syllables: and (iii) the second phrase in the third line is
longer than any other phrase. In sum, the syllable count is an important metric device,
which is similar to the way the Japanese mora is used as a counting unit in haiku, the
Japanese traditional poetic form (Otake. Hatano, Cutler, and Mehler, 1993).
Furthermore. as shown in the syllable-forming rule in Figure 1.2 above, the syllable
boundary is so clear-cut that the number of syllables is often used as a good cue to recall
of the words.

There is also a language game that shows that the syllable is a readily identifiable
unit to Korean speakers. In this game, called maliski (‘connecting words”), players take
turns producing a new word on the basis of a part of the previous word; specifically, the
first syllable of a new word should be the last syllable of the prior word (e.g., huk.kyo —
kvo.sil — sil.su —...). This continues until a player is unable to construct a new word.
Thus, a common winning strategy is to produce a new word whose last syllable is
relatively rare as a first syllable. Aso, crossword puzzles in Korean are based on the
syllable, unlike those in English that are based on individual letters. In sum, the number
of syllables and the identity of a particular syllable serve as evidence for the syllable as a
highly salient phonological unit in Korean.

In the present thesis, the status of the phoneme and of the syllable are compared
by applying the sound similarity judgment (SSJ) and concept formation (CF) tasks.
These techniques were chosen for the following two reasons: ( i) to permit cross-linguistic
comparison of the status of these units and (ii) to provide a direct comparison between the
phoneme and the syllable within Korean. First, since both techniques have already been
employed in the investigation of phonological units in English, the results of their

application to Korean ought to go a long way in assessing the status of the same kinds of
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units in that language. Second, since both techniques are flexible enough to allow for a
direct comparison among a variety of phonological units (features, phonemes, and
syllables, as well as intermediate units), if the results of the SSJ studies can be confirmed

by means of a CF task, a firm empirical base will have been laid in support of the

conclusions to be drawn.

1.4. Organization of the Thesis

Chapter 11 discusses the application of the SSJ task, and Chapter IIl the
application of the CF task. Both chapters are organized in a parallel fashion. The first
section overviews the basics of the task. The second section reviews the previous
methodologies and the results of the earlier experiments, primarily on English. Each of
the remaining sections then describes one of the present experiments in detail, including
the results. The last section of each chapter summarizes the results of all experiments and
provides a general assessment of the experimental task. Chapter IV, finally, presents the
overall findings from all of the studies and relates them to the two issues of syllable
structure and basic phonological units, as well as suggesting directions for future

research.
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Notes to Chapter |

I See Derwing (1973, 1980), Eddington (1993), McCawley (1986). Ohala (1974, 1986),
Ohala and Jaeger (1986a). and Prideaux, Derwing, and Baker (1980) for a further

discussion of these issues.

2 See Chung (19944). however, for some specific experimental phonological questions in
Korean. He also explains the circularity of theoretical arguments and the necessity of

experimental approaches to Korean phonology.

3 The term body has been taken from Vennemann (1988a) and will be used throughout
the present work. Alternative labels that have been used for this unit are core, head, or

simply X.

4 Throughout the thesis, angled brackets < > are used to denote Romainzed Korean

letters.

5 This orthographic convention is somewhat akin to the Japanese hiragana and katakana
writing systems, in which the same syliable /son/ can be written as /so/ (¥) + /n/ (L),

whereas there is no combination such as /s/ + fon/.

6 See Ohala (1986).

7 Kim (1986) translated this poem into English as follows:



The rise and fall of things follow nature’s way: autumn grass yellows on
Full-moon Terrace.
Five centuries of royal reign are drowned by the notes of a herdboy’s flute;

The traveler at dusk can hardly restrain his tears.

15
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CHAPTER 11
SOUND SIMILARITY JUDGMENTS

2.1. Introduction
2.1.1. Overview of the Sound Similarity Judgment Task

Greenberg and Jenkins (1964) introduced the “sound similarity judgment™ (8SJ,
hereafter) task as a tool for investigating phonological units. In SSJ experiments subjects
listen to pairs of words and rate on scale how similar each pair is in sound. Most of the
SSJ studies in English focused on monosyllabic CVC-CVC pairs and varied
systematically the number and the position of the shared phonemes (e.g., Nelson and
Nelson, 1970). These early studies suggested that there was a strong correlation between
the number of shared phonemes and similarity scores provided by subjects.

Vitz and Winkler (1973) made explicit the importance of phonemic segments in
predicting sound similarity in English. Based on the number of shared phonemes only,
their model “predicted phonemic distance” (PPD, hereafter) could account for most of the
variation in similarity scores, as the correlations between PPD and similarity scores were
about -.9 averaged across four experiments ranging from monosyllabic to trisyllabic
words (see section 2.2.2 for details). These results were confirmed by Derwing (1976),
Derwing and Nearey (1986), and Bendrien (1992). Although the Vitz and Winkler study,
as argued by Derwing, Nearey, and Dow (1986), was not designed to test the phoneme
concept per se, the results provided strong “indirect” evidence for the phoneme as a basic
representational unit in English.!

Other factors, however, are ignored in the PPD model, such as the role of sub-
phonemic differences (i.e., features). Derwing and Nearey (1986) found that two
phonemes sharing all but one feature (e.g., /b-p/) were judged significantly more similar

than those differing by two or more features (e.g., /b-s/), suggesting that feature
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differences should be taken into account in a complete model. Furthermore, the position
of shared phonemes was another important factor in predicting similarity scores. For
English CVC words, Nelson and Nelson (1970) found that amo.g pairs sharing two
phonemes, pairs with the last two phonemes (VC) in common were rated significantly
more similar than pairs with the other two phonemes in common (CV or C..C).
Similarly, Derwing and Nearey (1986) and Bendrien (1992) found that final consonants
were more important than initial consonants in English SSJs. In sum, although (i) the
phoneme effect (i.e., simple counting of shared phonemes between two words) was most
important in predicting the sound similarity of Englisk words, (ii) the feature effect (i.e.,
the degree of similarity between phonemes) and (iii) the position effect (i.e., the position
of shared phonemes) should also be taken into account to achieve better prediction of
SSUs.

On the basis of tiiese earlier findings in English, the SSJ task has been applied to a
variety of languages, including Arabic (Beinert and Derwing, 1993), Japanese (Derwing
and Wiebe, 1994), Korean (Yoon and Derwing, 1994), and Taiwanese (Wang and
Derwing, 1993). The main goal of these cross-linguistic studies was to test basic
representational units across language types and the relationship between these
representational units and the orthography. The results showed that, while the phoneme
was in general the most important variable, other language-specific phonological units
also had a significant effect (see Derwing and Nearey, 1994, for details). Most notably,
in Japanese. the similarity predictions proved to be based more on the mora than the
phoneme. In Korean, too. the body as opposed to the rime played an important role as an
additive factor on achieving more precise prediction of similarity scores (cf. Derwing,
Yoon, and Cho, 1993; Yoon, 1994a). The C-tier, a hypothesized phonological unit in

Arabic. also emerged as a significant variable (but not V-tier). Overall, the SSJ task



18

proved to be useful for investigating the status of a variety of phonological units across

languages.

2.1.2. Predicting the Sound Similarity Judgments in Korean

As discussed above. the phoneme proved to be the most basic unit in predicting
SSJs in English. In Japanese. however, predictions of SSJs were more accurate on the
basis of the mora than on the basis of the phoneme. The results of the concept formation
task applied to the two languages also pointed in the same direction (Jaeger 1980a),
suggesting that there is a difference in the degree to which the phoneme plays a role in
the two languages. As often discussed in the literature, however, orthography has also
been heavily implicated in all of these studies (Derwing and Dow, 1987; Jacger 1980;
Mann 1986b; Read, Zhang. Nie, and Ding 1986).

In this regard, Korean provides an interesting testing ground, as already noted in
Chapter I, since both phoneme-and syllable-sized orthographic units are used, thus raising
the possibility of comparing these units in a way that is independent of orthographic
effects. If the phoneme is the most basic unit in predicting SSJs in Korean as in English,
predictions based on phoneme counting should be more accurate than those based on
syllable counting. Lf. on the other hand, the syllable is the more salient unit than the
phoneme in Korean, an opposite result ought to be found.

The Korean syllable is often viewed as a left-branching [{CV|C] structure, as
opposed to the right-branching [C[VC]] structure in English. Although the issue is still a
matter of some controversy in Korean, the “left-branching™ view is supported by
behavioral evidence (e.g., Ahn, 1988; Cheon, 1980; Gim, 1987) and the “right-
branching” view mostly by purely theoretical arguments (Kim, 1986; Kang, 1991; Lee,
1993); our prior experimental evidence also favored the former interpretation (Derwing,

Yoon, and Cho. 1993; Yoon, 1994a; Yoon and Derwing, 1994). Assuming that syllable
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structure is invoked in making SSJ judgments, and if the “left-branching” view of the
Korean syllable is correct, quite different patterns of results should emerge for Korean
and English on the SSJ task. On the other hand, if the two languages have the samc

“right-branching” syllable structure, the rime ought to play roughly the same role in the

two languages.

2.1.3. Organization of the Chapter and Goals of the Experiments

In the next section, 2.2, the literature on SSJ experiments in English is reviewed.
This literature review introduces the basic methodology and discusses in some detail the
major effects in predicting the SSJs in English. In sections 2.3 to 2.5, three experiments
are discussed. Experiment 1 (section 2.3) tests the relative weights of the six
subcomponents of a CVC syllable: the onset, vowel, coda, body (CV), rime (VC), and
margins (C...C). The goals are to test (i) whether there are position effects (body vs.
rime, in particular) on judged similarity, and (ii) to assess the status of the phoneme as a
basic phonological unit in Korean.

Using monosyllabic CVC-CVC pairs again, Experiment 2 (section 2.4) focuses on
the comparison between body-sharing pairs and rime-sharing pairs. By varying the
degree of similarity in mismatched phonemes, i.e., the coda for body-sharing pairs and
the onset for the rime-sharing pairs, Experiment 2 measures the relative strength of the
position effect aad the feature effect, to check whether the former varies as a function of
the latter.

Experiment 3 (section 2.5) compares the status of the phoneme and the syllable as
the basic phonological unit in Korean. Using disyllabic CV.CVC-CV.CVC pairs (where
* " indicates a syllable boundary), predictions of similarity based on the phoneme and the

syllable are compared.
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Finally, section 2.6 discusses the results of Experiments 1-3 in the light of syllable

structure and the basic level of phonological representation in Korean.

2.2, Literature Review
2.2.1. Nelson and Nelson (1970)

Nelson and Nelson (1970) were interested in the effects of the number and the
position of shared “letters™ in CVC pairs. It was hypothesized that verbal stimuli were
coded by pronunciation, and that there should be some position effects en one-letter and
two-letter overlap conditions (e.g.. the first letter might be more important than the
second and the third letter).

There were eight types of pairs consisting of 12 pairs each. Although stimulus
pairs were presented visually (e.g., pan-fit), subjects were asked to pronounce the stimuli
to themselves and to rate the similarity of sound on a seven-point scale ranging from |
(completely different) to 7 (exactly the same). Half of the total of 96 subjects rated the

pairs in AB order (pan-fit), and the other half in BA order. The results were as follows:

TABLE 2.1. RESULTS OF NELiON AND NELSON (1270)

Overlapped Example Score Mean by no. of
Letter (n=12) (range: 1-7) Letters Matched
None pan-fit 1.74 Zero = 1.74
Last pan-fin 2.60
Middle pan-fat 2.69 One = 2.87
First pan-pit 3.33

First + Middle pan-pat 3.99
First + Last pan-pin 4.17 Two = 4.50
Middle + Last pan-fan 5.33

All pan-pan 6.98 Three = 6.98
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An ANOVA showed that the eight overlap conditions were highly significant as a
within-subjects variable (F[7.658] = 743.8, p < .001), but presentation order as a
between-subjects variable was not. As can be seen in Table 2.1, the number of shared
letters was a highly significant factor on judged similarity; Fisher’s least significant
difference was .17. However, there were also some position effects which Nelson and
Nelson (1970) failed to explore deeply. When the number of shared letters was
controlled, for example, pairs sharing the first letter were “idged most similar of all one-
letter sharing pairs, and pairs sharing the last two letters were judged most similar of all
two-letter sharing pairs. In particular, the large discrepancy between pairs sharing the last
two letters (mean similarity score of 5.33) and pairs sharing other two letters (3.99 and
4.17) seemed to constitute evidence for a rime effect, which suggested that subjects were
not simply counting the number of shared letiers.

Although stimuli in Nelson and Nelson’s (1970) experiments were presented
visually, possibly increasing the likelihood of orthographic influence, it was observed that
the majority of variations between pairs could be accounted for by articulatory and/or
acoustic factors. At least when the similarity attribute was specified as sound, subjects
seemed to be sensitive to such subsyllabic units as an onset and a rime.

There were. however, some problems involved in generalizing the results. Since
the stimulus pairs were derived from the three sets of minimal pairs tightly controlled to
allow all possible pairwise comparisons within each set, the kinds of contrasts in each
position were substantially limited to a tiny subset of all possible contrasts that are
possible with English CVC words. For example, in spite of the large number of pairs (n
= 96). there were only three kinds of contrasts: p-f. b-I, h-r in the onset, a-i, a-¢, a-u in the
vowel, and n-r. d-g. m-t in the coda. Furthermore, the degree of similarity between

mismatched phonemes (e.g.. /p-f/ in the onset vs. /n-t/ in the coda) was not controlled. It
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is. therefore, difficult to make general claims about sound similarity in English words

from Nelson and Nelson (1970).

2.2.2. Vitz and Winkler (1973)

Vitz and Winkler (1973) ran five experiments to demonstrate the usefulness of
their Predicted Phonemic Distance (PPD) model, which was built to predict the judged
similarity of sound of two English words. The PPD is calculated by a simple procedure.
First, two strings of phonemes are aligned to maximize the number of matched
phonemes, and PPD is then calculated by the proportion of mismatched phonemes
relative to the number of phoneme slots that are needed for the alignment. Thus PPD can
range from 0 (for identical pairs) to 1 (pairs sharing no phonemes). For example, the
PPD between sit and hit is 1/3, since only the first consonants are mismatched out of
three phonemic slots, while the PPD between sir and its is 2/4, since two phonemes are

mismatched out of four phoneme slcts after alignment, as illustrated below:

FIGURE 2.1. ILLUSTRATION OF CALCULATING PPD (O = match, x = mismatch)

st/ vs. /hit/ [s1t/ vs. fits/

s 1 t S I R

h 1 t [ t S

x O O =13 x O 0O x =2/4
[No adjustment] [Adjusiment]

Defined in this way, the PPD emphasizes the independent status of an individual
phoneme and ignores the position effects discussed in Nelson and Nelson (1970) and the

degree of difference between phonemes. One of the most important assumptions behind
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this model was that all phonemes are equally important (or equidistant from one another,
using a distance metric).

The first four experiments in Vitz and Winkler (1973) were identical in the
following respects: (i) Stimuli were presented aurally and subjects were instructed to
focus on similarity in sound, not on meaning or spelling; (ii) there was one standard word
which occurred in every pair: (iii) there were 25 comparison words which ranged from no
phoneme in common (PPD = 1) to all but one phoneme in common (PPD = close to 0)
with the standard word; (iv) there were two trials (the first trial in the standard-first order,
and the second with the order reversed); and (v) a five-point scale was used from O (zero
similarity) to 4 (identity). The experiments differed only with regards to stimuli. In
Experiments 1-4, the standard words were sit, plant, wonder, and relation, respectively,
and the comparison words were systematically varied alongside the standard words.

According to Vitz and Winkler, there were two checks on the reliability of their
experiments. As for test-retest reliability, the resuits of the first trial (standard-first order)
correlated highly (r > .80 in all experiments) with those of the second trial (reversed
order). The between-subjects reliability was also high (> .75 in all experiments). The
main result was that the correlations between PPD values and subjects’ ratings were also
very high (from -.81 to -.95 in Experiments 1 to 4).

Experiment 5 applied the PPD to the mean ratings of Nelson and Nelson’s (1970)
96 pairs. The correlation was again very high (-.94). This high accuracy of PPD
predictions suggested that subjects’ judgments were made primarily on the basis of a
phoneme code. Derwing and Nearey (1986) also argued that, in spite of its rather simple

algorithm, the PPD had a good theoretical busis:

If. after all, speakers are supposed to be insensitive to the predictable

variations manifested in their language, then a phonemic representation,



which is an attempt to abstract away from precisely this kind of variatien,
ought to provide a good prediction of the judgments these speakers make
about similarity in sound between utterances in their language.
Furthermore, if the boundaries between phonemes are more or less
categorical (“all or nothing™), then a simple count of the shared phonemes
between two forms ought to provide a perfectly adequate basis for this
kind of prediction, since all phonemes would presumably be judged as

equidistant from each other. (p. 197)

Vitz and Winkler (1973) went further to argue that “relatively little of the variance in the
rating of complete words is due to factors existing at a lower or more molecular level than
the phoneme” (p. 386). However, this argument ignores other work indicating that all
phonemes are not equally dissimilar or confusable (e.g., Cole, Haber, and Sales, 1968;
Cole. Sales. and Haber, 1969; Greenberg and Jenkins, 1964; Sales, Cole. and Haber,
1969; Wickelgren, 1965, 1966).

Another major finding in Vitz and Winkler (1973) was the position effect; when
the number of shared phonemes was controlled, some pairs were judged more similar
than others by virtue of having the shared phonemes in a more salient position. The
results of Experiment 1 showed this position effect, as summarized in Table 2.2. The five
pairs in Table 2.2 all had the same predicted PPD of .33, since they had one mismatcicd
phoneme out of three, but the first two (sharing a rime) had the highest similarity scores.

In sum, the two main factors in predicting similarity scores in Vitz and Winkler
(1973) were the number of matched phonemes (cf. matched letters in Nelson and Nelson,
1970) and the position of matched phonemes. Although these two studies used different
modes of stimulus presentation (i.e., written vs. aural; or letter vs. phoneme), the results

were quite similar.
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TABLE 2.2. POSITION EFFECT IN VITZ AND WINKLER'S (1973) EXPERIMENT 1

Standard Comparis- n Shared Similarity score
word word unit (range: 0 - 4)
st/ [hrt/ rime 3.16
st/ /pt/ rime 3.10
st/ /sik/ body 2.89
/stt/ [set/ margins 2.86
/s1t/ [set/ margins 2.34

2.2.3. Derwing and Nearey (1986)

Derwing and Nearey (1986) sought to refine the PPD,3 suspecting that the effect
of sub-phonemic feature differences might be much greater than Vitz and Winkler (1973)
had assurmed. Herc, therefore, all attention was focused on the similarity of consonants,
and all the stimulus pairs were CVC-CVC, in which either the initial or the final
consonant contrasted. There were six kinds of contrasts in both initial and final positions,
as summarized in Table 2.3.

A 10-point rating scale was used, ranging from O (totally different) to 9
(identical). According to the PPD, all of these pairs should have the same similarity
rating (i.e.. .33). since only one phoneme was mismatched out of three. However, there
was a significant difference among the pair types (F[11,444] = 20.5, p <.0001). These
results suggested that the degree of similarity between phonemes or the potential role of
distinctive features could not be dismissed in predicting subjects’ judgments of sound
similarity.

As can be seen in Table 2.3, pairs containing mismatched initial consonants
(1=.317) were judged more similar than pairs containing mismatched final consonants

(u=.087). Since in CVC pairs, disagreement in initial C is tantamourt to agreement in
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VC, and disagreement in final C to agreement in CV, this result supported the rime etffect
found in Nelson and Nelson (1970) and Vitz and Winkler (1973) (i.c.. identity of the
rime contributes more to the similarity of CVC pairs than that of the body or the margins

in English).

TABLE 2.3. RESULTS OF DERWING A‘I:J.D NEAREY (1986)

Position Contrast Example Average Z score

Initial Voice pit-bit .520

Place in non-voiced pap-top 310

Place in voiced boap-dop 380

Manner pit-fit 223

Voice & Place pet-get 251

Voice, Place & Manner bit-sit 218 p=.317
Final Voice pIp-pi1b 489

Place in non-voiced pop-pot 491

Place in voiced pab-pad 297

Manner kzp-kaf -.208

Voice & Place pIg-pIp -.104

Voice, Place & Manner geg-ges -.481 p=.087

Second, the manner feature was more important than place and voicing in both
initial and final consonznts. Finally, as expected, there was a strong correlation between
the number of feature mismatches and the similarity ratings. All these results suggest that
the degree of similarity between phonemes (i.e., sub-phonemic differences) could not be

ignored and that some kind of feature analysis was reflected in the SSJ experiments.
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2.2.4. Bendrien (1992)

Bendrien (1992) addressed two main issues. First. the effects of features and the
relative weights of initial and final consonants were tested by systematically varying
consonants in CVC pairs, while keeping the vowel the same. In both positions there were
three types of consonant contrasts: (i) match (e.g., /p-p/); (ii) minor mismatch (e.g., /p-b/);
and (iii) major mismatch (e.g., /p-z/). The results were largely consistent with Derwing
and Nearey (1986): (a) There was a significant difference among the above three types of
contrasts and (b) mismatches in the final consonants counted more than those in the
initial consonants. However. there were some limitations in generalizing the results
found in Bendrien (1992). Since only three consonants /p, b, z/ were used for consonant
contrasts, the manner and the place feature could not be explored for the single feature
mismatches.

The second issue pointed to the level at which subjects make SSJs. This issue is
related to the relative weightings between initial and final consonants discussed in the
previous sections. Dow (1987) argued that final consonants could count more in the SSJ
experiments because of a recency effect (i.e., more attention is paid to the more recent
changes), and that “there is no motivation to claim that the onsets and codas of CVC and
CCVCC type syllables have different weights.” (p. 164). She found no significant
difference between the two positions when this recency effect was controlled for by
repeating pairs in two orders and inserting an intrusive element beiween test items. If the
final consonant were more important than the initial one in SSJs just because ¢, .ic
recency effect, as Dow (1987) argued, then this effect should be universal. However, for
Arabic CVCVC pairs, Beinert and Derwing (1993) found that the second consonant was
most important. Wang and Derwing (1993) found that for Taiwanese CVC pairs the
initial consonants were more important than the final ones.* These results from cross-

linguistic studies suggest that higher-level phonological factors are at work here, not
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simply a recency effect. In particular, since both super-phonemic (e.g.. rime. body, mora)
and sub-phonemic units (i.e.. features) can play a role. we conclude that the structure of

the entire syllable is taken into account when SSJ judgments are made.

2.2.5. Summary

So far, we have observed the following effects on sound similarity in English: (i)
the number of matcied phonemes: (i) different weights of subsyllabic units; (iii) the
number of mismatched features. i.e.. single feature differences vs. multi feature
differences: (iv) the kind of features. i.e.. manner features being more important than
other consonantal features; and (v) the level at which SSJs are made, i.e., phonetic or

phonological. The details of these studies are summarized in Table 2.4 below.

TABLE 2.4. SUMMARY DESCRIPTION OF THE LITERATURE REVIEWED

Stimuli Scale Main Finding

Nelson and Nelson | CVC visual | 7-point | phoneme and position effects
Vitz and Winkler CVC.etc. aural |S5-point | phoneme effect (PPD)

Derwing and Nearey { CVC aural | 10-point | position and feature effects

Bendrien CVC aural | percent |level at which SSJs are made

2.3. Experiment 1
2.3.1. Goals

There were two main goals in Experiment 1: to assess (i) the relative importance
of various subsyllabic units and (ii) the status of the phoneme as a representational unit in
Korean. Among the possible subcomponents of a CVC syllable, the focus of comparison
was on the body vs. the rime. The salience of these two subsyllabic units was compared

in two ways. One way was to compare the mean similarity scores given to pairs sharing
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the body with those given to rime-sharing pairs. The cther way was to run regression
analyses, treating as variables the body and the rime (as well as other units) and to
compare the amount of variance in similarity scores explained by the body variable
(among other variables) vis-u-vis the rime variable (among others).

As discussed in the previous section, we have reason to believe that syllable
structure is invoked when the SSJs are made. If the body is a more salient part of the
Korcan syllable than the rime, the body-sharing pairs (e.g., /pan-pat/) should be judged
more similar than the rime-sharing pairs (e.g.. /pan-tan/), and the body variable should
account for more variance than the rime variable. On the other hand, if the rime is more
salient than the body as in the English syllable, opposite results should be found.

A second goal was to test the status of the phoneme as a basic representational
unit in Korean. As in the Vitz and Winkler study, a useful measure to test this is a
correlation between rated similarity and predicted similarity based on phoneme counting.
The previous English SSJ experiments showed that a simple count of matched phonemes
between words explained a substantial portion (about 80%) of the total variation in
similarity scores (Nelson and Nelson, 1970, for tightly controlled CVC-CVC pairs; and
Vitz and Winkler. 1973, for a variety of types of pairs). Focusing on CVC-CVC pairs,
the present experiment tested the roie of the phoneme in predicting the SSJs of
monosyHabic Korean words. If the phoneme in Korean is as basic a representational unit

as it is in English, comparable results should be found.

2.3.2. Method
2.3.2.1. Subjects

Thirty undergraduate students at Sogang University participated in the experiment

on a voluntary basis.5 All subjects in this and the following experiments were native

speakers of Korean.



2.3.2.2, Stimuli

There were a total of 56 CVC test pairs (seven types of phonemic matches x eight
tokens in each type).¢ As presented in Table 2.5 below. the seven types ranged from one
0-phoneme matched, three 1-phoneme matched. to three 2-phoneme matched pairs. In
addition to these test pairs, there were eight control pairs of full phonemic identity. e.g..
/pan-pan/. Although there were no correct answers indicated for any of the test pairs,
these identity pairs should always be rated as nine, i.e., the maximum score on our zero-

to-nine 10-point scale, and they were included in part to check if the subjects understood

and were following the instructions.

arbitrarily set: if a subject gave a score lower than seven for more than two of the eight

control pairs. his or her results were not included in the analysis. (As it turned out, only

one subject’s results had to be eliminated on this basis.)

A criterion for these eight control pairs was

TABLE 2.5. EXAMPLES OF STIMULUS PAIRS USED IN EXPERIMENT 1|

Number of Predicted
matched Phonemic Subsyllabic Example
phonemes Similarity units matched
0 0 None pan-mat
1 33 Onset pan- pat
1 33 Vowel pan-mat
1 33 Coda pan-man
2 67 Body pan- pat
2 .67 Rime pan-mat
2 67 Margins pan-pan

NOTE: For the underlined segments, see below.
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The basic stimulus set was derived from the four consonants /p, t, m., n/ and the
four vowels /a, 3, 0, u/. To control for the degree of difference between phonemes
(Greenberg and Jenkins, 1964; Derwing and Nearey, 1986), mismatched consonants in
cach pair were designed to be always one distinctive feature apart from each other: /p-t/,
/m-n/ for place of articulation, and /p-m/, /t-n/ for manner of articulation. Similarly,
vowel contrasts were limited to either /a-a/ or fo-u/, both of which are also only one
distinctive feature apart in terms of [height].” From these basic sets of consenants and
vowels, the following four ‘standard words’ were chosen: /pan/, /tam/, /mot/, and /nup/,
and each standard word was paired with 14 comparison words to make the total of 56
pairs. (See Appendix 1 for a full list of stimuli used in Experiment 1.) Table 2.5 presents
seven comparison words paired with the standard word /pan/. On the basis of the totally
different comparison word /mat/, the other types of comparison words were constructed

by filling out the remaining comparison sets, as illustrated by the underlined segments in

the table.
2323 Procedure

The instructions were read as follows (in Korean):

This is an experiment about sound similarity between two Korean
words. Each test item is composed of two words, and will be pronounced
twice. We ask you to listen to these pairs and to rate how similar the two
words sound to vou on a 10-point scale, as given on the test booklet. If
you think two words have a completely identical sound (e.g.. kam-kant),
please choose 9. On the other hand, if you think two words have a

completely different sound (e.g.. kam-sil), please choose 0. However,
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most of the items are in between these two extremes (e.g.. kam-kil and
kam-kal), in which case you are to rate between 1 and &.

We understand that this is a very unusual and subjective task.
There are no right or wrong answers for most items. Su | .case do not
worry about anything else but just try faithfully to rate the sound similarity
on the basis of your own intuition. Remember: the more similar the

sounds, the bigger the number! Are there any questions?

The stimulus pairs were recorded in a single random order, and played back to subjects

roughly as follows:

FIGURE 2.2. THE SAMPLE OF A SINGLE STIMULUS PAIR PRESENTATION

TIME — [1s] [1s] [2s] [1s] [4s]
TAPE: “Number 17 -- “*pan” -- “mat” ---- “pan” -- *mat’” -------- “Number 2" --
SUBIJECT: response o

Four practice pairs representing the number of shared phonemes from (0 to 3 were
presented before the test to get subjects accustomed to the use of a scale, but without
providing any suggested answers. Subjects were instructed to focus on the global
impression of sound only and to rate the similarity in sound on a 10-point scale ranging
from 0O (completely different) to 9 (exactly the same) by filling in the corresponding circle

on the answer sheet. No orthographic representations of the stimulus pairs were provided.

2.3.3. Results

Only one subject did not meet the inclusion criterion, making three mistakes out
of eight identical pairs. The following analyses were thus based on the remaining 29

subjects.
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In the results to be reported in this and the following experiments, mean simnilarity
scores were calculated for each subject and each item, and statistical analyses treated both
subjects and items as random factors (Clark, 1973). Thus, in most cases, statistical
significance was based on both analyses.

Table 2.6 below presents the mean similarity scores for the seven types of test
pairs. In the table, predicted phonemic “distance™ (PPD) was converted to the predicted
phonemic “similarity” (PPS) for ease of comparison. (PPS was used throughout all
Korean SSJ experiments described in this thesis.)

First, mean similarity scores were compared by analyses of variance with the
three factors of (i) the seven types of matches, (ii) the four standard words, and (ii1) two
types of vowels. Only the first factor was significant: the match-types were significantly
different both by subjects (F1[6,168] = 54.4, p < .001) and by items (F2[6.28] =40.87, p
< .001). The mean similarity scores did not differ across the four standard words nor the

two types of vowels, and no interaction was significant.

TABLE 2.6. RESULTS OF EXPERIMENT 1

Subsyllabic units Example Mean Score PPS
matched
None pan-mat 2.10 0
Vowel pan-mat 3.07 33
Coda pan-man 315 33
Onset pan-pat 3.43 33
Rime pan-man 4.78 .67
Margins pan-pan 5.07 .67

Body pan-pat 5.65 .67
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Fisher's least significant differences among the seven types were .49 by subjects
and .56 by items, distinguishing in both analyses the four groups in Figure 2.3 below. As
can be seen in the figure, while there was no significant difference among one-phoneme
matched pairs, in two phoneme-matched pairs. pairs with the body in common were
judged significantly more similar than the other two types, which did not differ from one
another. Separate ¢ tests showed that pairs sharing the body were judged stgnificantly
more similar than pairs sharing the rime (2[7] = 2.07. p < .05). This difference was
clearly indicated by individual subjects’ judgments. Of the total of 29 subjects. 25
(86.2%) judged that the body-sharing pairs were more similar in sound than the rime

sharing pairs.

FIGURE 2.3. GROUPINGS OF THE SEVEN TYPES OF PAIRS IN TERMS OF THE LEAST
SIGNIFICANT DIFFERENCE

Body L,___._.- .
2-phoneme
Marging matches
Rime —
Onset R
Coda I-phoneme
Vowel matches |

None

Note: Boxes enciose means that are not significantly different.

Another feature clearly indicated in Figure 2.3 above is the importance of the
number of matched segments in predicting the similarity scores. This was also found in

the correlation between the PPS and mean similarity scores. Figure 2.4 below shows the
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correlation based on the item analysis, and each data point represents the mean similarity

score of each of the 56 test pairs.

FIGURE 2.4. CORRELATION BETWEEN PREDICTED PHONEMIC SIMILARITY AND
SIMILARITY SCORE (R2 =.77)

7 -

Mean Similarity Score

0 .33 .67
Predicted Phonemic Similarity

The correlation was high enough (r = .88) to account for a significant portion (77%) of
the variance (F2]1,54] =181.6, p < .001). The correlation based on the subject analysis
was also significant (r = .59, r2=.34; F1]1,201} = 104.7, p <.001).

Finally. a series of linear regression analyses was run. The main purpose of these
analyses was to identify contribution of each subsyliabic variable (e.g., body, rime) and
various combinations of these variables (e.g., onset + rime, body + coda) to the prediction
of similarity scores. As shown in Table 2.7, six sub-syllabic variables were used, and

matches/mismatches for each variable were coded as 1 (when the specific condition was

met) or () (otherwise):



36

TABLE 2.7. ILLUSTRATION OF THE LINEAR REGRESSION ANALYSIS

Subsyllabic Variables (condition)

Types of Pairs

(X = mismatch) Onset  Vowel  Coda Body Rime  Margins
CVC-XXX 0 0 0 0 0 0
CVC-CXX 1 0 0 0 0 0
CVC-XVX 0 1 0 0 0 0
CVC-XXC 0 0 ! 0 0 0
CVC-CVX 1 1 0 1 0 0
CVC-XVC 0 | ! 0 1 0
CVC-CXC ] 0 1 0 0 |

Generally, the more variables that are included, the more variance n similarity scores is
explained. The combination of all six variables resulted in the best overall coverage
(81.1%), but not all variables were significant. The details of this analysis are shown in

Table 2.8 below.

TABLE 2.8. RESULTS OF COMBINING ALL SIX VARIABLES

Variable Coefficient [-ratio probability
Onset 1.33 4.64 <.001
Vowel 0.97 3.39 < .005
Coda 1.04 3.65 <.001
Body 1.25 3.08 <.005
Rime 0.66 1.64 A1

Margins 0.59 1.46 15
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As can be seen in Table 2.8, all three segment variables were highly significant, while the
rime and the margin variables did not play any significant role. When only three segment
variables were considered, the percentage of variance explained was 78.7%. Adding the
body variable to the three-segment model raised the percentage of variance explained
(80.6%), while adding the rime variable to the segment model lowered it (78.3%)!
Differential weights between the body and the rime were also found when the following
two-term models were compared: body + coda (55.6%) vs. onset + rime (53.5%). As
might be expected, the margin + vowei model involving 2 discontinuous unit resulted in

an even lower percentage (44.0%) than the onset + rime model.

2.3.4. Discussion

The two main results of Experiment 1 can be summarized as follows. First, the
phoneme emerged as the most important factor in judging sound similarity of Korean
CVC-CVC pairs: (i) ANOV As of mean similarity scores for the seven types of segmental
pairs showed significant differences between one-phoneme matched pairs and two-
phoneme matched pairs: (ii) the correlation between the PPS and mean similarity scores
explained the major portion of variance in similarity scores; and (iii) linear regression
analysis found that all three segmental variables made highly significant contributions to
predicting similarity scores.

In addition to this phoneme effect, a syllable structure effect also emerged. For
pairs with two phonemes in common, pairs sharing the body unit were judged
significantly more similar than pairs sharing the rime or the margins. Linear regression
analyses also supported this. When combined with the segment model, in particular, the
body variable played a secondary additive role in increasing the overall coverage. In
sun, these results suggest that the Korean syllable has a left-branching hierarchical

structure. which is consistent with our prior research (Derwing, Yoon, and Cho, 1993;
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Yoon, 1994a; Yoon and Derwing, 1994). Yoon and Derwing (1994). for example, had
English and Korean subjects judge the sound similarity of Korean CVC words. We
found directly opposite results from the two groups of subjects for the same set of stimuli:
to English subjects the rime was more important than the body in predicting similarity
scores, whereas to Korean subjects the body was more important than the rime. Under
the PPD model (Vitz and Winkler, 1973) or the “flat” view of syllable structure (e.g..
Clements and Keyser, 1983), this differential weighting cannot be explained, since all

phonemes ought to play an equal role regardless of their position within the syllable.

2.4. Experiment 2
2.4.1. Goals

One of the main findings of Experiment 1 with CVC-CVC pairs was a syllable
structure effect, whereby pairs sharing the CV (body) were judged significantly more
similar in sound than those sharing the VC (rime) -- a dramatically different result from
English (cf. Nelson and Nelson, 1970). In these CVC-CVC pairs, a match in the first two
phonemes is tantamount to a mismatch in the last phoneme, and a match in the it two
phonemes is tantamount to a mismatch in the first phoneme. In Experiment 1 we
controlled the mismatched phonemes to be one distinctive feature apart, so that the degree
~f mismatches between words would not be a factor in subjects’ judgments about overall
similarity of sound. Suppose, for example, that a body-sharing pair /pan-pam/ was
judged more similar than a rime-sharing pair /pan-san/. Not only could this result be
interpreted as a differential weighting between the body and the rime, (i.e., the syllable
structure effect), but it might also reflect a feature effect, since it could be argued that the
difference between /n/ and /m/ (involving only a difference in place of asticulation) was
less than the difference between /p/ and /s/ (involving both manner and place).

Experiment 2 was designed to test the relative strength of syllable structure and feature
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effects, and whether the syllable structure effect found in Experiment 1 would hold ¢p
under various types of feature mismatches in the onset and in the coda.

A secondary goal of Experiment 2 was to test the extent to which distinctive
features play a role in the perception of similarities among Korean consonants. The
degree of feature mismatches in consonants was designed to vary in terms of (i) place of
articulation (e.g., /p-t/); (ii) manner of articulation (e.g., /p-m/); and (iii) both (e.g., Ip-n/
or /t-m/). If the phoneme is perceived as a set of distinctive features, phonemes differing
by only one feature ought to be judged more similar than phonemes differing by two or
more features. In English, subjects’ judgments are sensitive to sub-phonemic differences
of this kind. For instance, a perceptual confusion study by Miller and Nicely (1955)
suggested that phonemes agreeing in nasality and voicing are more easily confused than
others, and a study of errors in short-term memory by Wickelgren (1966) showed that
consonants having the same place of articulation were the most likely to be substituted
for each other. Speech errors reported in Fromkin (1971) also indicated that phonemes
sharing all but one feature are the most likely to be transposed (e.g., glear plue sky «
clear blue sky). In a little different vein, Jaeger and Ohala (1984) showed that the
concepts based on a manner feature were easier for English speakers to form than those
based on a place feature. The implications from these studies are that phonemes tend to
group together along various featural dimensions, and that all phonemes are not
perceptually equidistant from one another.

Some English SSJ experiments also provided evidence for the effect of features
on judged similarity. Using all possible pairwise comparisons of /pa, ta, ka, ba, da, ga/,
Greenberg and Jenkins (1964) found that consonants differing by two features (e.g., /p-d/)
produced lower similarity scores than consonants differing by only one feature (e.g., /p-b/
or /p-t/). On the other hand, Vitz and Winkler (1973) found that the rated similarity of

pairs of words was not influenced by whether consonants differed by one feature or by
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two or more features. suggesting that words are not perceived and compared at a
“molecular” level smaller than the phoneme. Derwing and Nearey (1986) explored this
issue further by including fricatives in their CVC stimulus pairs. They found that ()
consonants agreeing in all but one feature (e.g.. /p-b/) were rated more similar than
consonants with several mismatches of features (e.g.. /p-z/): (ii) the ditference in manner
feature was more detrimental to similarity scores than the difference in place or voicing;
and (iii) these differences were larger for the final consonant than for the initial one.

The present experiment was designed to test both syllable structure and feature
effects on the SSJs of CVC pairs in Korean, using the nine types of pairs presented in

Table 2.9.

TABLE 2.9. NINE TYPES OF PAIRS IN EXPERIMENT 2

Feature Mismatches

Types of pairs

(X = mismatch) [place] {manner] Both
CVC-CVX CVXP cvxm CcvxB
CVC-XVC XPVC XmyC xBvc
CVC-XVX XPVXP Xmyxm xByvxB

First, it was hypothesized that, controlling for the kind of mismatched features, CV-
sharing pairs should be judged more similar than VC-sharing pairs, if the left-branching
view is correct for the Korean syllable. If the right-branching view is correct, an opjosite
result should be found. Second, controlling for the numbey of inatched phonemes, pairs
with the mismatches of the XP and XM types should be judged more similar than pairs
with XB mismatches, if subjects are sensitive to sub-phonemic ditferences. On the other
hand, if subjects’ judgments operated only at the phonemic level (as suggested by Vitz

and Winkler, 1973), there should be no significant differences between the CV-sharing
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pairs and the VC-sharing pairs, nor between pairs with mismatches of any of the three

types: XP, XM, and xB,

2.4.2. Method
2.4.2.1. Subjects

Twenty five undergraduate students at Kunsan National University participated in

the experiment on a voluntary basis.?
24,22 Stimuli
A total of 72 stimulus pairs were divided into nine types of contrasts as discussed

above. Stimulus pairs used in Experiment 2 are given in Table 2.10 below.

TABLE 2.10. EXAMPLES OF STIMULUS PAIRS USED IN EXPERIMENT 2

Contrast Example Contrast Example Contrast Example
type type type
1.CVXP pan-pam |4. XPVC pan-tan |7.XPVXP  pan-tam
2. CyxXm pan-pat | 5. XMVC pan-man |8 XMVXM  pan-mat
3.CvXB pan-pap | 6. XBvcC pan-nan | 9. XBvXB  pan-nap

As in Experiment 1, there were eight tokens in each type, and the same four standard
words were used. (See Appendix 2 for a full list of stimuli used in Experiment 2)

There are some general characteristics of Korean phonology affecting the present
experimental design: (i) Since voicing is not phonemic, only place and manner of
articulation features were explored; and (ii) since Korean exhibits a strong tendency to
maximize onset contrasts and minimize coda contrasts (i.e., only seven consonants /p, t,

k, m, n, g, 1/ are permissible in the coda). some contrasts frequently found in the onset



42

(most notably. the three series of stops. e.g.. /p, p’\ ph/) are simply unavailable in the
coda. To balance the number and kinds of contrasts in the onset and the coda, the five
consonants /p. t. k, m, n/ occurring in both positions were selected. In addition to this
sasic stimulus set common to both positions, /s/ in the onset and /l/ in the coda were
included to have a wider variety of feature contrasts. These two consonants, which were
expected to lower similarity scores due to low frequency in the total stimuli, were
balanced to occur in four pairs with the onset /s/ and four with the coda /l/. Finally, to
check test-retest reliability. 10 pairs were repeated with an interval of at least three pairs.

Again. half of them involved the onset contrasts and the other half coda contrasts.

2.4.2 3. Procedure

The procedure was identical to that of Experiment 1.

2.4.3. Results

Of the total of 25 subjects, two gave up about half way through the list of stimuli
and one misunderstood the instructions. The data from these three subjects were
eliminated. As in Experiment 1. mean similarity scores for the four standard words were
not different at all, and the scores were pooled across standard words. Furthermore,
subjects were consistent in their ratings, judging from a test-retest measure: the
correlation between mean similarity scores of the two sets of 10 repeated pairs was highly
significant (r=.5; F[1.217] =70.89.p < 001).

Table 2.11 below presents the main results. The first analysis involved a one-way
analysis of variance on the six types of pairs that differed by on phoneme (the three
CVX’s and three XVC’s). According to a prediction based only on the number of

matched phonemes, all these pairs should have the same score, since they all had one
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mismatched phoneme out of three. However, the results showed highly significant

differences among these types (F1[5,105] = 15.29: F2[5.42] = 6.27. p < .001 for both).

TABLE 2.11. RESULTS OF EXPERIMENT 2

Subsyllabic Matches
Feature

Mismatches CVX XVC XVX Mean

XP |place] 473 3.76 3.45 3.98

XM [manner] 3.60 2.86 2.12 2.86

xB |place] and [manner]| 3.33 2.67 1.67 2.56
Mean 3.89 3.10 2.41 3.13

To test both syllable structure and feature effects as well as an interaction, mean
similarity scores for each subject and each pair were compared by ANOVAs conducted
on the two effects. First, the three types of subsyllabic matches were significantly
different (F1]2.42} = 17.59; F2{2,63] = 25.81, p < .001 for both). The three types of
feature matches also had a highly significant effect on similarity scores (F1[2,42] = 36.96;
F2]2,63] = 26, p < .001 for both). However, the interaction was not significant at the .05
level either by subjects or by items. indicating that types of subsyllabic matches did not
vary as a function of types of feature mismatches, and vice versa. The results of these
analyses are graphed in Figure 2.5 below.

To examine both factors in more detail, Fisher’s least significant differences
(LSD) were calculated on the three types of subsyllabic matches and the three types of
feature mismatches. As for the syllable structure effect, the LSD’s were .51 by subjects
and .4 by items, showing that CVX pairs were judged significantly more similar than the
XVC pairs (the mean difference of .79; 11]21] = 3.45, p < .005: 2[23] = 3.6, p < .001),

and that the XVC pairs were in turn judged significantly more similar than the XVX pairs
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(the mean difference of .69; 1n1{21] = 3.42, p <.005: 12|23] = 4.08, p < 00D, As for the
feature effect. results were mixed (the LSD’s were .34 by subjects and .38 by items).
While the XP pairs involving differences in [place] only were judged significantly more
similar than XM pairs involving differences in [manner] only (the mean ditference of
1.11: 1121} = 5.41; r2|23] = 5.2, p < .001 for both), there was no significant difference

between the XM and the xB pairs involving mismatches in both features (the mean

difference of .3).

FIGURE 2.5. MEAN SIMILARITY SCORE AS A FUNCTION OF SUBSYLLABIC
MATCHES AND FEATURE MISMATCHES
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Another way to examine both syllable structure and feature effects is by means of
linear regression analyses. In addition to the two subsyllabic variables, [Body| and
[Rime], the following four feature variables were used: [Op] = place matched in the

onset, [Om] = manner matched in the onset, [Cp| = place matched in the coda, [Cm]| =
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manner matched in the coda. As illustrated for Experiment 1 in Table 2.7, matches/
mismatches for each variable were coded as 1 when the specific condition was met or as
0 otherwise. For the [Opj variable, for example, while XPVC pairs (i.e., place
mismatched in the onset) and XBVC pairs (i.e., place and manner mismatched in the
onset) were coded as 0, xMVC pairs (i.e . manner mismatched in the onset) were coded as
1, since place was matched in this latter case. The main purpose of these regression
analyses was to compare the variance in similarity scores explained by various
combinations of [Body], [Cp]. [Cm] vis-a-vis [Op]., [Om], [Rime] variables. Table 2.12

presents the summarized results of these analyses.

TABLE 2.12. PERCENTAGE OF VARIANCE EXPLAINED BY SUBSYLLABIC AND
FEATURE VARIABLES

% of varinace % of varinace
Variables explained Variables explained
Body + Cp 37.2% Op + Rime 7.6%
Body + Cm 87.3% Om + Rime 73.4%
Body + Cp + Cm 87.4% Op + Om + Rime 81.0%

Overall, the combinations of Body plus Coda variables explained higher
percentage of variance than did the combinations of [Onset] plus [Rime] variables. In
particular, the [Body] variable made a significant contribution to the percentage shown in
the last two rows of Table 2.12 (p < .005 for both). while the [Rime] variable did not
make any significant contribution. Also reflected in these results was the significant
contribution of manner feature variables both in the onset and in the coda. In all cases,
the contribution of both [Om} (p < .01) and {Cm] variables (p < .005) was significant,

while that of [Op] and [Cp] did not reach significance at the .05 level. In sum, [Body]
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and [Cm] were the two most important variables in predicting the similarity scores. the

details of which are presented in Table 2.13 below.

TABLE 2.13. THE BEST COVERAGE ACHIEVED BY THE COMBINATION OF A
SUBSYLLABIC AND A FEATURE VARIABLE

Variable Coefficient {-ratio probability

Constant 1.90 8.11 <.001
Body 1.55 5.51 <.005
cm 1.30 4.87 <.005

Finally, to examine individual variation in the similarity ratings, the difference
between the CVX pairs aid the XVC pairs in all three feature mismatched conditions was
analyzed for each subject. First, for place feature mismatched pairs, CVXP pairs were
rated higher than XPVC pairs by 18 subjects (82%), the same by two, and lower by two.
For manner feature mismatched pairs, CVXM pairs were rated higher than XMVC pairs
by 16 subjects (73%), the same by one, and lower by five. For double-feature
mismatched pairs, CVXB were rated higher than XBVC pairs by 17 subjects (77%), the
same by one, and lower by four. Insum, in 51 instances (77%) out of the total of 66 (i.c.,
3 feature mismatch conditions x 22 subjects), the body-sharing pairs were judged more
similar than the rime-sharing pairs; in 4 instances (6%) both types were even; and in 11
instances (17%) the rime-sharing pairs were judged more similar than the body-sharing
pairs. Interestingly, two subjects rated the body-sharing pairs lower than the rime-sharing
pairs in all three feature conditions, and were thus responsible for 6 out of the 11
instances where the rime-sharing pairs predominated. Most of the other subjects,
therefore, consistently judged that the body-sharing pairs sounded more similar than the

rime-sharing pairs.
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2.4.4. Discussion

The results reported above showed that both syllable structure and feature effects
were significant. First, matches in the body were generally more important than matches
in the rime in making pairs sound more similar, replicating the results of Experiment 1.
ANOVAs showed that the body-sharing pairs were judged significantly more similar than
the rime-sharing pairs, and these results did not vary as a function of mismatched
features. Linear regression analyses also showed that the body variable made a
significant contribution to the prediction of similarity scores, while the rime variable did

not. Furthermore, these results were maintained consistently “or most of the subjects. All

these results su> 7 view (left-branching structure) of the Korean syllable. The
difference betv. o s~: 1ating pairs and the rime-sharing pairs is impressive in that
itisas large . ke :e between the rime-sharing pairs and the vowel-sharing pairs.

This is difficuit to expisin on the basis of the flat view of the Korean syllable, and still
more difficult on the basis of the rime view.

The other major finding is that manner of articulation is more important than
place of articulation in the SSJs of Korean CVC pairs. Mismatches in manner were more
detrimental to similarity ratings than mismatches in place. In a similar vein, linear
regression ar~'yses showed that the manner feature variable both in the onset and the
coda made a significant contribution to predicting similarity scores, while the place
feature variable did not.

Surprisingly, controlling for the number of mismatched phonemes, there was no
significant difference between pairs with the manner feature mismatched and pairs with
both features mismatched. This result is at odds with the English results reported in
Greenberg and Jenkins (1964) and Derwing and Nearey (1986). However, there was a
major difference in stimuli between the present experiment and these previous English

experiments. Since voicing is not phonemic in Korean consonants, a direct comparison
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might be impossible with the above English experiments, which included voicing in
addition to the features tested in the present Korean experiment. It also appears to
provide additional evidence for the importance of manner of articulation relative to place

of articulation in the feature dimensions of Korean consonants.

2.5. Experiment 3 9
2.5.1. Goals

In Experiment | we found the phoneme effect in the SSJs of Korean monosyllabic
words, replicating the results reported in Yoon and Derwing (1994): the simple counting
of matched phonemes between two words explained a substantial portion of the total
variance in similarity scores. These results from Korean add to the body of evidence for
the phoneme as a basic representational unit found in previous SSJ experiments with
English (Vitz and Winkler, 1973) and other languages (Derwing and Nearey, 1994).

However, since only monosyllabic pairs were used in Experiment I, the salience
of the phoneme could only be measured in terms of the variance explained by the
phonemic code itself, but not against the syllable, another potentially salient unit in
Korean. When examining the role of the mora in speech segmentation of Japanese,
Otake. Hatano, Cutler, and Mehler (1993) expressed an opinion on the role of

orthography, as follows:

Concepts such as phoneme. mora, syllable, and stress unit are not
propertics of particular languages; they are phonological properties in
terms of any language can be described. However, just as there are
differences across language communities in the way phonology may be

reflected in the orthography, so are there differences across languages in
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the degree to which various phonological constructs play a role in

phonological processes within the language. (p. 260)

A recent SSJ study in Japanese (Derwing and Wiebe, 1994) also implicated the
orthography. The predictions of SSJs based on the mora were more w.ccurate than those
based on the phoneme, which played a secondary role comparable to the rime in English.
Since the Japanese hiraguna and katakana alphabets are both mora- rather than segment-
based, however, one cannot exclude the possibility of orthographic influence in this latter
case.

The primary goal of Experiment 3 was to examine the basic level of
representation in Korean by pitting the phoneme against the syllable. All test pairs were
CV.CVC structures (where “.” indicates a syllable boundary)!0 and were systematically
varied from pairs that had all but one phoneme in common (e.g.. CV.CVC-XV.CVC,
where “X" indicates a mismatched phoneme) to pairs that had no common phonemes.
Two hypotheses were tested which, depending on the number of phonemes and syllables
mismatched. predicted different patterns of results. The method and predictions were
based on the correlation between mean similaritv scores and (i) predicted *syllabic™
similarity (PSS) vs. (ii) predicted “phonemic™ similarity (PPS), as illustrated in Table
2.14. The syllabic hypothesis predicted that, controlling for the number of mismatched
phonemes. pairs with mismatches across the syllable boundary (e.g., CX.XVC; /ku.sag-
ko.can/) should be judged less similar than pairs with mismatches within a syllable (e.g..
CV.CXX; /ku.sag-ku.sak/), since mismatches in the former involve both syllables, while
those in the latter involve one syllable only.!! On the other hand, the phonemic
hypothesis predicted that there should be no significant difference between the two types

of pairs, since both have the same number of mismatched phonemes.
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TABLE 2.14. COMPARISONS OF PREDICTED SIMILARITIES ON THE BASIS OF
COUNTING MATCHED SYLLABLES AND PHONEMES

PSS PPS
Mismatch
types St Sz P P2 P P4 Ps

XV.CVC 0+ 1 /2 05 [0+ 1+ 1+ 1+ 1 /5 = 01X

XX.cvC 0+ 1 2 0.5 |0+ 0+ 1+ 1+ 1 /5 =06

~
~
Il

CX.XVC o+ 0 /2 =20 T+ 0+ 0+ 1+ 1 /5 = 0.6

XX.XVC 0+ 0 /2 0 O+ 0+ 0+ 1+ 1 /5 0.4

i
i

CV.X2X 1+ 0 0.5 |1+ 1+ 0+ 0+ 0 /5 0.4

~
38
I

2.5.2. Method

2.5.2.1. Subjects

A total of 117 subjects participated in the experiment on a voluntary basis. 12
There v ¢ie three groups: (i) 43 middle school students with aural stimuli only (MA); (i1)
44 middle school students with both aural and visual stimuli (MB); and (iii) 30 university
students with both aural and visual stimuli (UB). These groupings were designed to test

the effects of presentation mode (MA vs. MB) and age/education (MB vs. UB) on SS1s.

2.5.2.2. Stimuli

Twelve types of CV.CVC pairs with four tokens each were selected.  As
prescated ir Table 2.15 below, the 12 types ranged from identical pairs (i.c., 0-phoneme
or 0-syllable mismatched) to totally different pairs (i.e., S-phoneme or 2-syllable

mismatched). (See Appendix 3 for the full list of stimuli used in Experiment 3.)
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TABLE 2.15. TWELVE TYPES OF PHONEMIC MISMATCHES USED IN EXPERIMENT 3

Type Example Type Example

0 CV.CVC ku.sap - ku.sap 2C CV.XXC co.cay - co.saf
IA XV.CVC ku.sag - pu.sap 2D CV.CXX Ku.sag - ku.sak
IB CV.XVC co.sur - co.cay 3A° XX.XVC su.sap - co.car
IC CV.CVX co.san - co.sak 3B CX.XXC ku.sap - ko.cag
2A XX.CVC ku.sap - po.sap 3C CV.XXX po.can - go.sag

2B CX.XVC ku.san - ko.can 5 XXXXX ku.sag - po.:an

NOTE: X and numerals indicate location and number of mismatches, respectively.

The focus of our attention was on the 2- and 3-phoneme mismatched pairs, as they yield
differential predictions under the Phoneme Hypothesis and the Syllable Hypoth ‘s,
depending on whether the mismatched phonemes are within a single syllable . spread
over both syllables.

The following controls were built into the stimulus pairs. First, all stimuli were
real words, largely to prevent the mis-hearing of stimuli that is comron with nonsense
words. Second. syllable boundaries (in the orthography) always occurred before the
second C. Third. all mismatched phonemes between words differed by one distinctive
feature. to control the dsgree of difference between phonemes. Finally, four identity pairs
were included as control items to see if the subjects understood and were following the
instructions. (Subjects who rated two or more identity pairs lower than 7 on our 0-t0-9

scale were dropped from the experiment.)

2.5.2.3, Procedure

For the subjecis in the MA group, the procedure was the same as that used in

£xperiments 1 and 2. For the subjects in the MB and UB groups, the procedure was the
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same as for the MA group except that they were provided with orthographic

representations of each test pair.

2.5.3. Results

Of the total of 117 subjects, nine subjects did not meet the inclusion ciiterion
(four in the MA and five in the MB group). Results reported below were thus based on
the remaining 108 subjects (39 MA, 39 MB. and 30 UB subjects).

To ceimpare the Syllabie and the Phoneme hypotheses, two statistics were used.
First. a series of ANCVAs was iun on mean similarity scores of four 2-phonsme
mismaiched pairs .nd three 3-phoneme mismatcicd pairs, treating both subjects and
items u¢ rusdom factors. In these ANOVAs, the number of mismatched syllables (the
5-Mable effect) andg the numover of mismatched phonemes (the Phoneme effect) were
withir.-snbject variables. Later, the Group effect was examined as a between-subject
sariable to test the additional effects of presentation mode (i.e.. MA vs. MB) and
age/education (i.e., MB vs. UB). In these group comparisons, Z-scores for each item
were calculated to calibrate the similarity scores of each group, since subjects in the three
groups varied somewhat in their use of the scale.

Another way to assess the two hypotheses was to compare the variance in
similarity sccres explained by the Predicted Syllabic Similarity (PSS) vs. the Predicted
Phonemic Similarity (PPS). In these correlation analyses, mean similarity scores of all 44

test pairs ware used (excluding the four control pairs).

25.3.1. ANOVAS

Overall, the syllable was a more important effect than the phoneme, and the
interaction betwee:t the two effects was not significant by either subjects or items in ail

three groups. The results of the«e analyses are graphed in Figure 2.6.
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FIGURE 2.6. MEAN SIMILARITY SCORES AS A FUNCTION OF THE NUMBER OF
SYLLABLES AND PHONEMES MISMATCHED
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First, in the MA group, the syllable effect was highly significant both by subjects
and by items (F1[1,38] = 55.4; F2[1,24] = 51.5, p < .001 for beth). However, the
phoneme effect did not reach significance at the .05 level cither by suljects or items. The
interaction was also not significant, as disglayed in Figure 2.6. As also shown in the
figure, the CV.XXX pair (“*” in upper left of the graph) which involved three

mismaiched phunemes was rated much more similai than the CX.XVC pair (**©” in Jower

right of the graph), which involved only two mismatched phonemes.
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Second, the results for the MB group, where subjects were provided with
orthographic representations of stimulus pairs, were somewhat different from those of the
MA group, where only aural stimuli were provided. For these subjects. not only did the
syllable effect again emerge as a highly significant variable (F1 1.38) =427, F2|1.24] =
30.2). p < .001 for both), but the phoneme effect was also significant (F111,38] = 25.9;
F2[1.24] = 17.0. p < .001 for both). However, the interaction was again not significant.

Third, the results of the UB group were similar to those of the MB group.
suggesting that the age/education effect might not be important. The syllable effect was
again highly significant (F1[1,29] = 51.9; F3(1,24) = 33.7. p < .001 for both) and the
phoneme effect was also significant, but with a lower level of significance than for the
MB group (F1£1,29] = 9.03, p < .01; F2[1,24] = 6.04, p < .05). As in the other two
groups, there was o ireraction between the two effects.

Finally, to compare the seven types of pairs in detail, Fisher's jast significant
differences (LSD) were calculated for the three groups: MA = .31, MB = .9¢., UB = 1.01.
Tabie 2.16 presents mean similarity scores for each type wund LSD groupings. :holid

vertical lines include the means that are not significantly different.)

TABLE 2.16. RESULTS OF THE THREE GROUPS IN TERM: > OF LSD GROUPINGS

MA MB UB
CV.CXX (4.9) l CV.CXX (5.0) CV.CXX (5.1)
CV.XXC (3.9) CV.XXC (4.6) XX.CVC (4.8)
CV.XXX (3.7) XX.CVC 4.2) CV.XXC (4.5)
XX.CVC (3.5) CV.XXX (3.1) CV.XXX (3.8)
CX.XVC(2.2) CX.XVC (2.8) CX.XVC(2.9)
CX.XXC (1Y) CX.XXC (2.0) XX.XVC(2)5)
XX.XVC (1.9) XX.XVC (1.9) CX.XXC (2.5)

mean 3.15 (sd=1.18)

3.34 (sd=1.30)

3.72 (sd=1.20)
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Again, the syllable effect is obvious in the above groupings. In all three groups,
regardless of the number of mismatched phonemes, the four 1-syllable mismatched pairs
were rated higher than three 2-syllable mismatched pairs (as indicated by the dotted lines
in the Table 2.16 above). This effect was most obvious for the MA group, where there

were no overlapping types between 1- and 2-syllable mismatched pairs in terms of the

LSD groupings.

5.3.2. Correlations
Mean similarity scores of all 44 test pairs were used. The correlations between
these mean similarity scores and the Predicted Syllabic Similarity (PSS) vs. the Predicted

Phonemic Similarity (PPS) are presenied in Table 2.17.

TABLE 2.17. CORRELATIONS BETWEEN SIMILARITY SCORES AND PSS vs. PPS

PSS PPS
r (r?) r )
MA .84 (.70) 73 (.53)
MB 83 (.69) .84 (.71)
UB .83 (.69) .86 (.75)

Except for the PPS in the MA group. all correlations were higher than .8, expiaining
about 70% of the total variance in similarity scores. Again, the syllable effect was
obvious in the MA group. where the percentage of variance explained by the phoneme
counting (53%) was much less than by the syllable counting (70%). Figure 2.7 displays
all data points and the least squares line for the PPS in the MA group. It can b+ seen that
the data points at the PPS of .6. in particular, are scattered widely along the least squares

line. At this PP5. the highest data points were pairs involving mismatches in only one
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syllable, while the lowest data points were pairs involving mismatches in both syllables.
This percentage of 53% was much lower thun the approximately 80% that Vitz and
Winkler (1973) found for a variety of types of word pairs in English, suggesting that the

phoneme in Korean is a less basic representational unit than itis in English.

Figure 2.7. CORRELATION BETWEEN PREDICTED PHONEMIC SIMILARITY AND
JUDGED SIMILARITY SCORES (MA group with aural stimuli only. n=39)
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2.5.3.3. Group Effects

Since subjects in the three groups varied in their use of the scale (see Table 2.16
above), mean Z-scores for each type were calculated to calibrate the resuits of the thiee

groups. A syllable effect score (SES) was calculated for each group, as illustrated below:

SES = Mean Z-scores of ((CV.CXX - CX.XVC) + (CV. XXX - XX.XVCy)

As indicated in the formula. the SES reflects the extent to which the syllable effect

outweighed the phoneme effect. A series of ANOVAs was run on these SES scores with
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group effects as between-subjects variables. Neither the presentation mode nor the
agefeducation effect was significant.

Another way to test effects of presentation mode and agefeducation was to
conduct two-factor ANOVAS on subject groups and the number of mismatched syllables.
Again, neither presentation mode nor age/education effect was significant (p > .7 for
both). the interactions between the number of mismatched syllables and the group effects

were not significant either ( p > . 1 for both).

2.5.4. Discussion

The results reported above suggest that the syllable is the mest basic and
psychologically the most salient unit in Korean. The results clearly confirmed the
Syllable Hypothesis. This hypothesis predicted that, controlling for the number of
mismatched phonemes, pairs that had mismutches within a syllable should be judged
more similar than pairs that had mismatches across both syllables. The Phoneme
Hypoihesis, on the other hand, predicted that there should be no significant difference
between the two types of pairs, since both involve the same number of mismatched
phonemes. It was found that the syllable effect was highly significant (all at the .001
level). Furthermore. the syllable was a clear winner against the phoneme in all three
groups: the phoneme effect was not significant at all in the MA group, where only aural
stimuli were provided. and marginally significant in the UB group, where both aural and
written stimuli were provided. The difference between the MA group and the other two
may suggest that orthographic representations might have led subjects to count the
nember of letters dissimilar between two written words. However, this counting must
have been more difficult or impossible for subjects in the MA group, who were not

provided with the written word forms.



58

The correlation used to compare the predictions of the predicted syllavic
similarity (PSS) and the predicted phonemic similarity (PPS) produced a similar set of
results. In the MA group, the PSS accounted for 70<¢ of the total variance in similarity
scores. which was much greater than the 53% explained by the PPS. In the other two
groups, both the PSS and the PPS explained about 70% of the total variance. Considering
that only two predicted values (i.e.. 0 and .5) were used in the PSS as opposed to four
predicted values in the PPS, however. the syllable is the more important predicter than
the phoneme in the SSJs of Korean words.

The numericai differences (see Table 2.17, in particular) between the MA group
and the other two suggests that the presentation mode could be a variable in the SSJ
experiments. although the difference did not reach significance. Further research is
required on the presentation mode etfect on SSJs. However, the effect of agefeduzation
was not significant in the ranges tested, judging from quite similar sets of results from
both ANOV As and correlations between the MB and the UB group.

The salience of the Korean syllable, the main outcome of the present SSJ
experiment, is comparable to that of Japanese mora, which has been supported by a
variety of experimental tasks (e.g.. Jaeger, 1980a: Otake. Hatano, Cutler, and Mehler,
1993; Derwing and Wiebe, 1994). In both cases, the basic level of representat’ n is
closely related to the orthographic systems, which are based on its larger than the
phoneme. In Korean, however, since both the syllable and the phoneme receive
orthographic support. the difference between them cannot be attributed solely to

orthographic influence.



59

2.6. Summary of the Main Results

2.6.1. Syllabte Structure

The results of Experiments 1 and 2 suggested that, in judging the similarity of
pairs of CVC Korean syllables, the CV was more important than the VC. In Experiment
I, CVX pairs (where X indicates a mismatch) were judged significantly more similar than
XVC and CXC pairs, while there was no such difference among the pairs that shared only
one phoneme. These pattern of results were identical to those found in Yoon and
Derwing (1994). Experiment 2 extended the main findings of the above studies in two
aspects: (i) by focusing on the CVX and XVC pairs, and (ii) by controlling the types of
feature mismatches in the X pesition. The results of Experiment 2 showed that CvX
pairs were always judged more similar than XVC pairs, regardless of the variation of
feature mismatches in the X position. Taken together, the above results provide

converging evidence that the CV is a more salient than the VC in the SSJs of CVC

syllables in Korean.

TABLE 2.18. CROSS-LINGUISTIC COMPARISON OF SYLLABLE STRUCTURE IN THE

SSJS OF CVC PAIRS
Raw Score % of Varaince
Explained
CvX XVC Cv-C  C-VC
English (Nelson and Nelson, 1970) 4.0 (5.3) 53.0 (93.3)
Enghish (Vitz and Winkler, 1973) 29 3.1 not available
English (Derwing and Nearey, 1986) 5.6 (6.1) not available
Korean (Yoon and Derwing, 1994) (6.6) 4.9 (79.5) 74.7
Korean (Experiment 1) S.7) 4.8 (55.6) 53.5
Korean (Experiment 2) 3.9 3.1 (70.6) 54.0

NOTE: In each comparison set, the bigger number is in a parenthesis.
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The present resv'ts are opposite from those of earlier 8SJ studies in English that
focused on CVC syllables. Table 2.18 summarizes differential results in the two
languages. The most notable feature of the table is that, irrespective of (i) the focus of
each study and of (ii) the measurement scales used, the differences between two types
were consistently reflected. with a differential prominence depending on the stimulus-
language. In both mean similarity score and the amount of variance explained, the results
involving the rime in English and those involving the body in Korean were always the
winner. These consistent results across the two languages and across several experiments
strongly suggest the syllable structure effect on the SSJs of monosyllabic pairs and the

reliability of the measures used in the SSJ task.

2.6.2. Basic Level

Using all possible subsyllabic comparisons of a CVC svllable, Experiment |
showed the importance of phonemic segments in predicting the SSJs of Korean. In spite
of a differential position effect involving pairs with two-phonemes matched as discussed
in the previous section, the correlation between similarity scores and predicted phonemic
similarity (PPS) was significant enough to account for most of the variation in sinufarity
scores. In Experiment 3, we tried to extend this finding to disyllabic CV.CVC pairs. As
syllable boundaries were involved in these SSJs, however. the role of phoneme was less
important than in monosyllabic pairs. Instead, the syllable emerged as a more important
predictor of the SSJs.

Table 2.19 below presents a summary of correlations between similarity scores
and predicted similarities found  the earlier English studies and the present studies in
Korean. In monosyllabic pairs of both languages, the PPS consistently explained about
the same high amount of variance in similarity scores, suggesting the importance of

phonemic segments in predicting the $SJs of monosyllabic pairs in the two languages. In
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disyllabic pairs, however, fue fferent paa: - [ results was found: the PPS in English
made as accurate a prediction as in monosyHabic pairs, whereas the PPS in Korean was
much less accurate than in rsonosyllabic pairs. Instead, the syllable-based prediction
(PSS) was more accurate than the phoneme-based prediction (PPS), suggesting that the
syllable is more basic than the phoneme in disyllabic (and perhaps other polysyllabic)
words in Korean. It is interesting to note a parallel results found with the Japanese mora
(Derwing and Wiebe, 1994), in which the phoneme played a secondary role to the mora.
In sum, therefore, the phoneme’s differing role between English vis a vis Korean and
Japanese cast doubt on the universality of the segment as a basic representational unit;
rather. the present studies showed that busic reprerentational units can be language

specific. We will discuss this issue in more detail in Chapter V.

TABLE 2.19. CROSS-LINGUISTIC COMPARISON OF BASIC LEVEL IN THE SSJs

Monosyllable Disyllable
PPS P’ :3_* PSS
English (Nelson and Nelson. 1970) 88.4 %
English (Vitz and Winkler, 1973) 88.4 % 84.6 %
Korean (Yoon and Derwing, 1994) 86.8 %
Korean (Experiment 3) 533% 70.6 %
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Notes to Chapter Il

I One of the advantages of the SSJ task pointed out by Derwing and Wiebe (1994: 157)
was that it “provides an indirect way to get at phonological units in question. without
resorting to the kind of metalinguistic judgments that must be invoked in more direct

tasks, such as unit counting.”

2 One obvious counterexample can be found in Vitz and Winkler’s own Experiment 2.
Aliheggh /kremp/ (PPD = .8) had only one phoneme in common with the standard word
Jplznt/, it was judged closer to the standard word than was /ptint/ (PPD = .2), which
shared four phonemes with the standard word. The unexpectedly high similarity vating
for the /plent-kreemp/ pair might be attributable to high similarity - £ all four of the

contrasting consonants, as well as to the importance of the vowel.

3 Derwing and Nearey (1986) also applied the SSJ technique to test alternative analyses
of voiceless stops after /s/ in English, i.e., whether (i) unaspirated [pl in spill is identified
with /b/ in bill in accord with perceptual similarity of the phone [pl: or (ii) as /p/ in pill as
in the traditional phonemic analyses. It was found that pairs like spill-pill were always
rated more similar than those like spill-hill. Nonsense words used to reduce the
orthographic interference also produced a similar result. These results showed that
possibly in spite of “phonetic” (physical) reality. subjects’ judgments were

“phonological™ in nature.

4 More recently, Derwing and Wang (in press) found similar results from the concept
formation task, in which the onset concept was easier for Taiwanese speakers to form

than the coda concept (see section 3.1.3.3).
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S Thanks are expressed here to Dr. Sook Whan Cho and to the students in her classes.

6 Some semi-words, most of which were stems of verbs or adjectives (e.. ., mut, nup),
were included in order to facilitate the tightly controlled comparisons. These semi-words
often make it difficult to classify real words and nonwords unambiguously, since semi-
words can be considered either as real woids in that they carry meaning or as nonwords in
that they cannot stand alone (z.g., are not listed in the lexicon as independent words).
However, with the similarity attribute specified as sound as in the present experiment, the
distinction between real and semi-words ought not to b a salient factor in subjects’
judgments. since both types are equally plausible in pronunciation (as opposed to some

implausible or impossible combinations of consonants and vowels in nonwords.)

7 These four vowels occur with a frequency of about 60% out of the total of 22 Korean
vowels (Lee. 1992: see also Maddieson, 1992). In the Korean orthography, the first two
vowels /a/ and /a/ are written with a vertical stroke and the last two /o/ and /u/ with a
horizontal stroke. Thus, the former types of vowels are graphically closer to the onset
than to the coda, while the latter types of vowels are located in a position halfway
between the onset and the coda (see Figure 4.1). In the present experiment, half of the

total of 56 pairs involved the former vowels and the other half involved the latter.
& Thanks go to the students in the class and to Dr. Sang Oh Lee.

9 Earlier versions of this experiment were published as Yoon (1994) and Yoon and
Derwing (in press), and were presented at the Alberta Conference on Language. Banff,
Alberta, Canada in 1994, The authors thank several participants at the conference for

their usetul comments.
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10 The location of this break-point has both orthographic and (nonce-word) experimenta
support (Derwing, 1992a).

11 Cf. parallel results in Japanese involving the mora unit (Derwing and Wiebe. 1994)

12 Thanks are expressed here to Ms. Ji Bun Kim, to the students in her classes 2 ~u san

Middle School, to Dr. Sook Whan Cho. and to the students in her class at Sopang

University.
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CHAPTER ili
CONCEPT FORMATION

3.1, Introduction
3.1.1. Definition of the Concept Formation Task

The concept formation (CF) task is a stanaurd experimental technique usud in
psychological research to test subjects” ability to “manipulate and classify the essential
conumon features embedded in a number of complex stimulus situations™ (Vinacke. 1951:
22;. That there has been no comprehensive theory of CF ic «.  in part to the difficulty
defining the concept in the first place. For the purpose of the present discussion,

therefore, we adopt the following definition.:

From the point of view of the subject, a concent is a disposition to
organize events in a certain way and it implies (- ex ctation that it is
capable of being applied to fresh instances. Inti e, then, a concept
is essentially predictive. In so far as a person is open to experiences that
bear upon his concepts, these experiences will result ina m. ificution of

the concepts [Bolton, 1977: 22; emphasis added!.

As its alternative names (¢.g., concept attainment, concept learning, concept
acquisition) suggest, there are numerous ways to iest subjects’ ability to form a concept
(Bolton, 1977, ch. 2: Deese and Hulse, 1967, ch. 12: Dominowski, 1970; Harris and
Harris. 1973). The method T am concerned with is a version of the identification method,
m which subiects are exposed to one stimulus at a time (Deese and Huise, 1967). In this
method, each stimulus is designated as either a positive or a negative instance of a target

concept. Subjects are instructed to respond by saving ~ yes™ or “no” to each instance, and
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each response is immediately reinforced by the experimente.. Initially, relatively cleus
positive and negative instances of a target are presented. Later, some unclear instances
are presented to see how subjects categorize them. This method is thus better suited to
testing the predictive status of a concept (as defined in the above quotation) than the
method of presenting e entire sample of stimuli at once, for instance. Ot primary
interest is the ex e (e.g.. measured by a long succession of correct responses) with which

various v ‘e categorized to form a concept.

3...2. ©oncept Formation and Linguistic Research

version of the CF technique described above seems wei: suited to the
investigation of a wide range of linguistic concepts (Derwing, 1973, ch 9; Jaeger. 1980,
ch. 1). Most Yignistic theories have assumec = plicitly or explicitly the reality of such
linguistic units as sentence, word, syllable, phoneine. eic. If real for sneakers, such units
should find support in speakers’ categorical (i.e., sameness o diffcrence) judgraent.

Lakoff (1981: 142) exnresses the point th: way:

Each human language is structured in terms of an enorwiously complex
system of categeries of various kinds: phonetic, phonological,
morphological, Iexical, syrtaciic, sc.rantic, and pragmatic. Lmguistic
categories are among the kinds ¢t wbstract categories rhai any adequate
theory of the human conceptuai system must be atic to accoum for.
Linguistics is then an important source of evidence for the nature of
cognitive categories. Conversely. general results concerning the nature of
cognitive categorization should apply to categories in linguistics.

femphasis addedj
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The C'F technique is especially useful in this endeavor, since it can be used to
probe subjects’ unconscious knowledge about their language, as Derwing (1973: 319)
pointed out: “ne cutstanding advantage of the CF paradigm is that subjects are known
to be able te derive concepts from common properties even when they are unable to state
explicitly what the :ommon properties are.” Other advantages of the CF technique are its
flexibility and controllability. It is flexible in hat it can be used to investigate a wide
range of linguistic eutities, e.g.. phonetic features (Jaeger and Ohala, 1984), the phoneme
(Jacger, 1980a), phonological rules (Wang and Derwing, 1986), sentence types (Baker,
Prideaux, and Derwing, 1973), and semantic concepts (Rosch, 1973a). Controllability
can also be exercised by varying s procedures (e.g., the degree of explicitness in
instructions, depending on the diffien’. < of concepss subjects are s::pposed to form) and
by the introdrction of vaiious types ! i<, . of west and cenirol words, etc.

Although the details of procedures vary sreatly in CF experiments depending on
the parocular concepts deing tested, the basic assumption remains the same: the easier it
'3 to categorize on the basis of a concept. the more psychologically salient the concept is.

For example, Jaeger and Ohala (1984: 17) assumed that:

Previously existing or snatural categories can be brought to ihe
consciousness of subjects by careful training and feedback techniques...
[Njon-existent or unnatural cate, -~ ..s should be either extremely difficult

impossible for subjects to learn or manipulate in any consistent way.

Closely related to ihis assumption are the issues of basic level and prototype in the theory
of natural categorization. A series of experiments by Rosch (1973ab, 1978) found that
basic level concepts are easier to learn, faster to recognize, and have shorter names

(hence. they are psychologically more salient) than superordinate or subordinate level
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conzepts, and that some (prototypical) members of a category are more representative of
the category than other (peripheral) members. Rosch’s results provided exisence against
the classical theory ¢f categorizaton. which had been based on fixed relationships and

sharp boundaries among categuiies.!

3.1.3. ¢ ncept Formation and Phonrok:zic.: © 1its

L. phonology, the two main resutts of Rosch’s experiments, basic level and
pro. ..ype, were replicated by Jacger’s CF experiments (1980ab, 1986a). Jaeger argued
that the CF technique can be useful for investigating all phonological units, since they are
all subject to the native speaker's judgments about sameness or difference. Some
phonological rules can also be tested using the CF technique on the premise that the
forms that undergo some rules {e.g., vowei shift rules) can be differentiated from those
that do not (Jaeger, 1980a, ch. 4; Jaeger, 1986b; Wang, 1985; Wang and Derwing, 1986).
This section will review briefly the previot s CF experiments that have tested

phonological units.

3.1.3.1 The Phoneme

Jaeger (1980ab, 1986) and Ohala (1986) applied the CF technique to testing the
psychological status of the phoneme in English. Using several veisions of the CF
technique. Jaeger (1980a) found that the phoneme is a basic levet of phonological
representa:‘on in English. Subjects spontaneously identified various allophones of a
phoneme as belonging to one category. Specifically, when the target cuicept was a word
that contained [kb] (e.g., kill), Jeager’s subjects extended this cencept to [ski-words (e.g.,
skilh) and final [k®]-words (e.g., take), as they formed a category /k/.2 In her Japanese CF
experiments, however, Jaeger (19804, ch. 3) found that Japanese speakers were much less

successful in forming a phoneme concept. Jaeger related this result to orthographic
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differencze in the two languages, which also suggested that a phoneme-sized unit 1s the
basic level of phonological representation for English speakers, whereas it is the

subordinate level for Japanese speakers:

ENGLISH JAPANESE
SUPERORDINATE LEVEL word, syllable word
BASIC LEVEL phoneme syllable (or mora)
SUBORDINATE LEVEL feature phoneme, feature

3.:.% 2, The Featurg
Jaeger (1980a) and Jaeger and Ohalz (1984) tested the conceptual saliency of

features. In both studies, five consonantal features in English were tested: [+anterior], |-
anteror|, [+voice|. | +sonorant|, and [+continuant]. The concepts that subjects learned
were “words beginning with a phoneme that has one of the above five features”. Overall,
the concept of feature was found much more diificult to form than the concept of
phoneme. The results & 50 provic - evidunce that some members of a category are raor.
prototypical than others. In the category i+anterfor], for instance, bilabial coui: i
were more frequently included than alveolar consonants. The status of /w/ was
ambiguous, suggesting that the internal structure of ths feature [anterior] is not strictly

binary as commonly assumed in generative phonology.3

3.1.3.3 Subsy;labic Units

Derwing and Wang (in press) have recently applied the CF technique to the
investigation of Taiwanese subsyllabic units. Other experimental techniques applied to
Taiwanese such as Word-Blending and Sound Similarity Judgments (Wang and Derwing,

1993) have suggested that the Taiwanese syllable does not have a well-defined internal
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structure. The question addressed in Derwing and Wang's CF experiments was whether a
concept defined in terms of some subsyllabic units (e.g.. /p/ or /pa/ in a syllable /pan/)
was easier to form than other concepts (e.g., fan/ or /n/ in /pan/). Comparisons among
these concepts showed that the onset concept was easier to form than the coda concept by
various response measures. This was consistent with Wang and Derwing’s (1993)
finding from sound similarity judgments in Taiwanese, in which the onset was more
salient than the coda.

However, none of these subsyllabic concepts was easy to form, suggesting that
the syllable may be the smallest viable phonologfcal unit in Tatwanese for speakers not
well-versed in alphabetic orthography (see also Read, Zhang, Nic. and Ding, 1986). In
light of Jaeger's (1980a) argument about che busic level, therefore, units smaller than »
syllable seem to bc subordinate levels of phonological representation in Taiwanese, if

they exist as uni-s at all.

3.1.4. OQverview of the Chapter and Goals of tie Experiments

The organizatis:© - f the present chapter is as follows. The next section, 32,
discusses the methodology used in the p-- - .cus English CF experiments and describes
some new modifications used in the present experiments. Section 3.3 discusses a practice
task. which illustrates the methodologica! details of the present CF experiments in
Korean. Another goal of the practice task was to check whether the two groups of
subjects in the following main experiments had about equal ability to perform a CF-type
task.

Sections 3.4 and 3.5, present four CF experiments that were designed to compare
the ease with which Korean speakers cu}n lezin phonological concepts. Each subject was
taught one of tne four targets that were defined in terms of a common CV, VC, Cor CVC

in a CVC syllable. Section 3.4 pits the CV of a CVC syilable (or the body: Experiment
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4A) against the VC of a CVC syllable (or the rime: Experimnent 4B). Subjects in
Experiment 4A had to learn that “words containing /ka/” was the target, whi'e subjects in
Experiment 4B had to lean that “words containing Jak/" was the target. The primary goal
of Experiment 4, therefore, was to test whether there was a difference in performance
hetween the two experimental groups. If the body is a more salient subsyllabic unit than
the rime in Korean, subjects in Experiment 4A should find the task easier than subjects in
Experiment 4B.

Section 3.5 (Experiment 5) compares the C unit (the phoneme) vs. the CVC (the
whole syllable) in a way similar to Experiment 4. Experiment 5A was designed to
paralle] the previous /k/ experiments in English (Jaeger, 1980a: ch. 4, inter alia), in order
1o test whether Korean speakers ceuld form a concept defined in terms of a common
phoneme /k/. Experiment 5B. in which the target concept was a common syllable /kak/,
was designed to be otherwise as similar as possible to Experiment 5A. The results .re
Giscussed in light of the notion of basi~ level of phonological representation in Korean.

Finaily, section 3.6 summarizes the results of Experiments 4A-5B and compares
the four phonological concepts. The present CF experimental teciinique will also be

assessed.

3.2. Previous Methodology and Modifications for the Present Experiments
3.2.1. Three Types of Exemplar Words

In CF experiments, subjects are provided with positive (target), negative
(distractor), and ambiguous (test) words. English examples used to illustrate these three

types of words are taken from Jaeger (19864a).



3.2.1.1. Targets

vargets are the examples ~¢ the particular concept or category that sub oty are
trained to form. In Jaeger (1986a), for example, the concept was the phoner:=2 /K/ in
English, and targets were words containing the allophone (Kb} (e.g.. kind). Various
orthographic variants of :arget words were included as well. such as clear, chrome,
acclaim, queen. etc. Subjects’ responses to these spelling variants provided information

about orthographic interference in the formation ¢f fie concept of /k/.

Distractors are words that lack the defining property of the target words. There
are various types of distractors, which cause different kinds of interference with target
words: no interference (e.g.. lefr), orthographic interference (knir). and phonectic
interference (gift), where a similar but contrasting category is invelved (in this case, the
phoneme /g/).

In designing a 2% exueriment, care should be taken to control the types of trrzets
and distractors, becaus: ¢ . latve difficulty of learning a concept can vary as a function
of the degree of information that targets and distractors provide for subjects.  For
example, a farger variety of targets (e.g., [kb] with various spellings) will render the task
more difficult than only one type of target (e.g., [k"] spelled with <k>). Likewise,
distractors are inherently different in their degree of interfersnce with targets; distractors
containing no inteiference are easier to eliminate than those involving soiae kind of
interference. However, non-interfering diswactors also provide less information about the
nature of the target category. When a series of concepts is being compared, therefore, it

is impo-i:at to control both target types and distractor types.
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3.2.1.3 Test Words

Test words are words whose category membership is in question. In Jaeger’s /k/
experiment, for example, two types of allophonic variants were tested: unaspirated (skin,
scare) and unreleased (hookshelf, excepr). The first of these, in particular, i.e., the nature
of unaspirated stops after /s/, has long been a matter of theoretical dispute in the phonetic
and phonological literature (e.g.. Derwing, 1973 Ladefoged. 1975a; Lisker and
Abramson. 1964: Lotz, Abramson, Gerstman, Ingemann, and Nemser, 1960). Since
Jacger's subjects included the above words in their target class, however, her results

indicated that subjects” categorization was in accord with a traditional phonemic analysis.

3.2.2. Four Component; of the CF Experiments

CF experiments typically involve the following four components, ordered as
indicated: instructions —learning session — test session— post-experimental interview.
The learning and test sessions are the major components. The learning session involves a
hasic stimulus set. which measures subjects” ability to classify targets and distractors
(i.c., it provides a measure of the general difficulty of the ta.k), whilc the test session is a
supplementary set, in which the status of ambiguous and controversial stimuli is
Svaluated (i.e., whether or not subjects classify these stimuli as targets). Thus, the
comparisons »f the ease with which various concepts are formed are limited to the results

of the learning session.

3.2.2 1, Instructions

The instructions are designed to explain the basic nature of the task, as well as to
help direct subjects” attention to the relevant attributes that define the target class. Care
must be taken not to provide tua much or too little information. Generally, the degree of

explicitness depends on the difficulty of the target. For example. if the target is a word
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beginning with a [+labial] phoneme, the instruction, ““the commoa property has to do with
the first sound of these words™ ought to help subjects focus on relevant attributes of the
target. The instruction. vie fst sound of the targc s pronounced at the lips™, however,
~ould give too much intormation, while “the cc:vin property has to do with the way
these werds sound to vou™ would likely provide ioo little information, allowing subjects
to be distracted by any number of salient phonetic properties. On the other hand, if the
target is a word containing a [k"] sound, “the common property has to do with rhe way
these words sound to you™ weuld probably be enough for subjects to focus on the
relevant attributes, while excluding semantic similarities or other possible distractors.
Care should also be taken to keep the instructions consistent across all of the
target categories tested. if the main purpose is to compare the psychological status of one
category against another. In the present experiments, including the practice sessions, the

instructions were thus kept identical throughout.

3.2.2.2 Learninz Session

The purpose of learni>. .ession is o Juaily teach a concept to subjects by
reinforcing their responses. In.i -ly, .zlatively clear examples of targets and dictractors
(i.e., most typical targets and least interfering distractors) are presented, beciuse subjects
will have no idea of how to distinguish target< fron: listractors. Later, a larger variety of
targets and distractors is presented 10 see what types of tirge’ . ¢ ep ventative and
what types of interference arc significant. Subjects respond to each word hy saying “yes”
or*no’.

In the present experimen! :| design, the learning session is the most important part
for two reasons. First. it will provide most of the usetul response meavures, ¢.g., the

number of subjects reaching criterion used to define the mastery of each concept; and the

number of trials each subject needed to reach criterion. The criterion for mastery for this
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practice task and all of the present experiments was set at 15 consecutive trials with two
or fewer errors, This criterion was cho.eu because it allows some room for accidental
.1~ while remaining extremely difficult to reach Dy chance (p < 00

The learning session also provides a third response measure, the total number of
correct responses for each concept. This third response measure has an advantage over
the previous two, the number of subjects reaching criterion and the trials to criterion,
which can both vary depending on how the mastery criterion is set. However, the total
number of correct responses is independent of any semi-arbitrary choice of a mastery

criterion. Therefore, it provides a useful new source of information for between-

experiment comparisons.

3.2.2.3 Test Session

The main purpose of the test session is to observe subjects’ categorization of
various ambiguous or theorctically controversial st (re., teet words). Unlike in the
learning session, no feedback is provided about whether subjects’ responses are correct.
Separate instructions are thus nec cssary before the begit1ir, »f the e wssion, and the
test words are randomly inicrmixed with types of taigers ~ ¢ distraciors used in the
learning session.

$ince the primary purpose of the present CF experiments in Korean is to compare
the relative case with which subjects form various phonolegical . . wepts, the test session
is limited to Experiment 5A, where various spelling var’ ants of /k/ and phonemic variants
of spelling ™ 7 are used 2o tess words to see whether subjects’ judgments were phoneme-

based or spelling-based. In the present series of CF experiments, then, the test session

was a supplementary part of the experiment.
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3.2.2.4. Post-experimental {nterview

In the post-experimental interview, subjects are asked to name the common
property that had guided their responses and to explain their decision-making strategy.
Although subjects may form a concept without being able to name it (Chate. 1977), there
ought to be a correlation between subjects’ naming ability and the ease with which they

form a concept (i.e.. codability: Deese and Hulse. 1967).

3.2.3. Three Response Measuies

A variety of response measures can be used to test the ease with which a concept
is formed. The present CF experiments focus on the following three quantitative
measures. as outlined above: (i) the number of subjects reaching the mastery crirerion: (ii)
the number of trials to reach criterion: and (iii) the total number of correct responses for
each task. While the first two have been commeonly used in the previous CF experintents,
the last response measure is relatively new. Siace the same number of targets and
distractors is used across ali of the present experiments, the total number ot correct
responses ought to provide a reasonable betweei.-experiment comparison about overall
difficulty of each task.

In addition to the above three, subjects’ ability to name the category (i.c.,
codability) in the post-experimental interview and responses to test words will also he
discussed. Reaction time will not be used, becausc the present experiments were
designed to be group administered. Furthermore, as Jaeger (1980a) pointed out, an
interjretation of responsc times in CF experiments is problematic, due both to great
individual variation and to inherent differences involved in positive vs. negauve

responses.’
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3.2.3.1. Number of Subjects Reaching Criterion

Data on the number of subjects who can form a concept in the learning session
provide information about the difficulty of a concept. For example, Jaeger (19804, ch. 3)
reported that all of the English subjects could form the concept of English /k/. while only
half of the Japanese subjects could form the concept of Japanese /t/, irdicating that the

English task was an easiet one.

3.2.3.2. Trials 1o Criterion

Generally. the more difficult a concept is, the more trials are necessary to form it.
For example. Ohala (1986) compared the ease of ferming two target concepts in terms of
the number of rials requir o . zach criterion for a list of 75 words: the target for Group
I (n = 10) was a word that contained |k] or [sk], and the target for Group II (n = 10) was
a word that contained Jgj or [sk]. The results were consistent with the results from

jacger's experiments in that subjects in Group I formed the concept much more easily

than those in Group 11, as summarized below:

TABLE 3.1. RESULTS OF CHALA'S CF EXPERIMENTS (1986: 21)

Response Measure Group | Group II
Trials to criterion (raige: 15-73) 22.67 45.38
Subjects reaching criterion (n = 10) 9 8

As can be seen in Table 3.1. both response measures showed that the stop in [sk] was
casier to be categorized with [kh] than with [g], especially as meisured by number of
trials to criterion. Group 1 required only about 23 trials to reach criterion (15 correct
trials in a row with two or fewer errors). This was extremely a small number of trials,

given that initially subjects had to resort to random guessing and that later they had to
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answer correctly to almost all of the words. This was not only because the concept was
very easy to form but because the mean number of trials was calcuiated only on the basis
of subjects who reached criterion.

It might also have been informative, however, if the results from the subjects who
did not reach criterion had been included in calculating the mean number of trials to
criterion. Especially when a target is relatively difficult for subjects to form and only a
small percentage of subjects can reach criterion, more information would be provided by
calculating a mean number of trials for «// subjects. One way of doing this is to set the
maximum number of trials to ‘total number of stimuli + 1° for those subjects who have
not formed the concept by the end of the learning session. For the analysis of the present
experiments, therefore, the maximum number of trials necessary to reach criterion is set
at 61, viz., for «v"Yects who did not reach criterion by the end of the 60-stimulus learning

. ession.

3.2.3.3. Total Number of Cotrect Responses

The total number of correct responses equals the number of “yes™ respon es tc
targets plus the number of “no” responses to distractors. Calculated on the basis of the
learning session only, this number provides useful information about category
membership for all stimuli except test words. The more correct responses each subclass
of stimuli receives, the more prototypical that subclass is of the category. For example,
Jaeger (1986a) found thar some stimuli involving orthographic interference with the /k/
concept, such as target words spelled with the letter <x> (e.g., except) or distractors
spelled with “silent k™, yielded a much higher error rate than target words spelled with
<k> or <¢> (e.g.. kiznd or clear) er distractors which did not involve orthographic

interference at all (e.g., left).
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3.3. Practice Task
3.3.1. Goals

The most important aspect of the present CF technique was to have a maximally
similar design across all present experiments (from 4A to 5B). As a sample experiment,
the practice task introduces the common methods used in the main experiments. The
main goal of the practice task, however, was to provide the basis for later comparisons in
Experiment 4, that is. to check whether the performance of subjects in Experiment 4A
and 4B were equivalent on the common practice task. The homogeneity of these two
groups of subiects is important, in order to ensure that the results of Experiments 4A and

4B did not vary as a function of individual subjects” general ability to perform a CF task.

3.3.2. Subjects

The subjects were 40 university students taking an introductory English
composition class at Sogang University, Seoul, Korea. Two different classes werce
represented.® The first class (n = 18) did Experiment 4A and the second (n = 22) did
Experiment -}B, both immediately after the practice session. All of the subjects were

native speakers of Korean and participated in the experiment on a voluntary besis.

3.3.3. Stimuli

The general methods to be introduced in this section are essentially the same as
those used in all present experiments from 4A to 5B. (Differences were in some details of
the stimuli specific to each task, of course.) There was a total of 60 rea! word stimuli, of
which half were targets and the other half distractors. Examples of each stimulus type are

presented in Table 3.2:



80

TABLE 3.2. EXAMPLES OF STIMULI USED IN THE PRACTICE SESSION

Targets Distractors
Types Examples Types Examples
a-a pan.hak a-u san.pul
Ca-Ca pan.pal u-d chul.pal
aC-aC mag.sag u-u cug.sun

In this practice session, all 60 stimuli were two-syllable (CVC.CVC) real words, and the
distinguishing property between targets and distractors was vowel-based. The targets
were defined as words containing the vowel /a/ in both syllables, while the distractors
contained the vowel /u/ in one or both syllables. Both targets and distractors were
divided into three sub-types consisting of 10 tokens each. as shown in Table 3.2. (See
Appendix 4 for the full list of stimuli used in the practice session.)

Another important aspect of controlling the stimulus presentation was to maintain
the same increasing order of difficulty across all experiments. This was done by
preparing three “basic sub-lists™ of stimuli for each experiment. The first sub-list (from
words 1 to 12) was coinposed of the smallest number of stimulus types, and the last list
(from words 37 to 60) had the greatest variation in stimulus types. In the practice task,

the stimuli were presented in the following order:

TARGETS DISTRACTORS
Words 1-12: 3 Ca-Ca, 3 aC-aC mixed with 6 u-u
Words 13-36: 4 Ca-Ca, 4 aC-aC, 4 a-a = mixed with 6 a-u, 6 u-a

Words 37-60: 3 Ca-Ca. 3 aC-aC, 6 a-a mixed with 4 u-u, 4 a-u, 4 u-a
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Sti'l another control was built into the reinforcement schedule, viz., the order of
individual targets and distractors. In the practice task as well as the following main
experiments, a common reinforcement schedule was maintained across all groups (e.g..

“TTEFTFFTFTTFF, etc.. where (T = target: F = distractor).

3.3.4. Procedures

3.3.4.1. Instructions

The instructions used in the present practice task and the following main

experiments were as follows (presented in Korean):

You are going to play a word game that will help us better
understand how our native language Korean works. This game is very
similar to the game called simukoke that most of you already know. Both
games are similar in that feedback to “yes” or “no” responses will guide
you to the correct answer.

In this game you will be listening to a tape that contains a series of
spoken Korean words. Some of these words have some property in
common, while the other words do not. The property has to do with a
certain sound that these words have in common. Your job is to figure out
what this common property is. On your answer sheet there are *“yes™ and
*no” typewritten alongside each item number. I ask you to respond to
each word by circling “yes™ if you think the word has the common
property, or “no” if it does not. After about five seconds, the voice on the
tape will say “yes” if a word has the common property, or “no™ if it does
not. You can determine whether or not your response is correct by

checking your response against the response from the tape: the match
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between the two indicates that your response was correct, while the
mismatch indicates that your response was incoriect.
After the game, [ will ask you to try to name the common property

you had in mind and to explain your decision-making strategy. Are there

any questions?

Targets and distractors were semi-randomly ordered to keep the increasing degree
of difficulty toward the end of the list, as discussed in section 3.3.3. The stimuli were

played back to subjects roughly as follows:

FIGURE 3.1. THE SAMPLE OF A SINGLE STIMULUS WORD PRESENTATION

TIME — |1 sec.] |5 sec.] {2 sec.]
TAPE: “Number 17 ------ stimulus ------------- “yes’ or “no’”’ ------ “Number 2
SUBJECT: “yes” or “no”

The time taken for each stimulus word was about 10 seconds and the whole practice task
including the instructions took about 12 minutes. “Number ..." was pronounced before

each stimulus word to get subjects ready for the next test item, as well as to help subjects

keep track of item numbers on their answer sheets.

3.3.4.3, Post-experimental Comments

After the practice task, subjects were asked to write on the answer sheet the

common property that had guided their responses and to explain their decision-making

strategy.



3.3.5. Results

Correct responses were converted to I and incorrect or no responses to 0.7 Since,
unlike the case of oral responses (e.g.. Derwing and Wang. in press). there was virtuatly
no instance of “no response.” the data from all 40 subjects were analyzed.

Overall. 23 subjects (57.5%) reached the mastery criterion (i.e.. provided 15
consecutive answers with two or fewer errors). For these subjects, trials to criterion were
set at the end point of the first qualifying string of 15 consecutive stimuli.  For the
remaining 17 subjects, an arbitrary 61 (the total number of stimuli + 1) was assigned.

Table 3.3 shows the results:

TABLE 3.3. RESULTS OF THE PRACTICE SESSION (n = 40)

Response Measure Group A (n = 18) Group B (n =22)
Subjects reaching criterion 11 12
(61.8%) (54.5%)
Number of correct responses 43.6 40.4
(72.7%) (67.3%)
Trials to criterion (15-61) 38.9 43.0

All three response measures showed that there was no significant difference in the
performance on the practice task between the two subject groups. First, about equzl
proportions of the subjects reached criterion in the two groups. Second, the total number
was also not significantly different between the two groups. Trials to criterion were not
significantly different either.

Furthermore, the overall 70% correct response rate suggested that the concept of
“two-syllable words containing the vowel /a/ in both syllables™ was not difficult to learn;

the total number of correct responses was significantly larger than the 30 to be expected
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by chance (11]39] = 8.48. p <.001). A quite respectable average trials to criterion of 26.5
(sd = 10.1) for subjects who reached criterion also suggested that the concept was
relatively casy to form.

The most important result of the practice session was that the average
performance between the twe groups was about equal. Furthermore, performance was
significantly better than chance, indicating that subjects generally understood the task.
As noted below, Grour, A's subjects did main Experiment 4A: /ka/, and Group B’s

subjects did main Experiment 4B: /ak/. both after the practice session.

3.4. Experiment 4
3.4.1. Goals

We found in Experiment 1 that CVC pairs sharing the first two phonemes (CV)
were judged more similar than those sharing the last two phonemes (VC) or the first and
the last (see also Yoon. 1994a; Yoon and Derwing, 1994). This result was replicated in
Experiment 2 with a variety of feature mismatches in the mismatched phonemes (e.g., the
last phoneme in CV-sharing pairs). Opposite results have been found in English SSJ
experiments {Nelson and Nelson, 1970; Vitz and Winkler, 1973; Derwing and Nearey,
1986). reflecting different internal structures of the syllable in the two languages. A
similar set of results was also found in Word Blending experiments (for English, see
Treiman. 1983, 1986; for Korean, see Derwing, Yoon, and Cho, 1993; Yoon, 1994a).
Evidence from the above two experimental paradigms lent strong support to the idea that
the Korean syllable is left-branching, with the body as a major subsyllabic unit.

The primary goal of Experiment 4 was cross-methodological validation. It was
designed to test the conceptual saliency of the body as a major subsyllabic unit in Korean
vis-a-vis the rime. The basic design was similar to that of the detection paradigm (Cutler,

Mehler. Norris, and Segui. 1986: Mehler, Dommergues, Frauenfelder, and Segui, 1981;
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Otake. Hatano. Cutler. and Mehler. 1993), in which response times were compared
between stimuli that contained a target matched with the hypothesized phonological units
and those that did not. In the Otake 2t al study. for example. the syllable hypothesis was
disconfirmed in favor of the mora hypothesis in Japanese.

In Experiment 4, about half of the subjects learned the concept of “twa-syllable
words containing /ka/”, and the other half “two-syllable words containing /ak/.”™ 1t was
hypothesized that the first group of subjects would find the task casier. The rationale
behind this hypothesis was that, if in Korean the division of the CVC syllable into CV
and C is more natural than into C and VC., the targets defined in terms of common CV's

ought to be more readily mastered than those defined in terms of common V(C's.

3.4.2. Subjects
A total of 85 subjects were drawn from four introductory English Composition
classes at Sogang University.® Each class was randomly assigned to one of the four

groups, as follows:

TABLE 3.4. ASSIGNMENT OF SUBJECTS IN EXPERIMENT 4 (n = 85)

Experimental group Subject group? Task(s)
4A: /ka/ (n = 44) Al (n=18) Practice & Experiment 4A
All (n=26) Experiment 4A
4B: fak/ (n = 41) BI (n=22) Practice & Experiment 4B
BII (n=19) Experiment 4B
3.4.3. Stimuli

All stimuli were two-syllable real words as in the practice session, and were

designed to be maximally similar between Experiments 4A and 4B. In addition to the
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controls already discussed in the previous sections, care was taken to keep all other
possible variables as similar as possible between the two experiments. First, targets were
divided into two types, depending on the syllable in which /ka/ (Experiment 4A) or /ak/

(Experiment 4B) was located, as shown in Table 3.5 below.

TABLE 3.5. EXAMPLES OF TARGET WORDS USED IN EXPERIMENT 4

Initial Syllable Final Syllable
Experiment Type Example Type Example
4A: /ky/ kak.- kak.pyal -.kak sim.kak
ka-.- kaf.co -.ka- szr.kap
4B: fak/ kak.- kak.pyal -.kak sim.kak
-ak.- cak.sim -.-ak si.cak

NOTE: *." indicates a syllable boundary.

There were a total of 30 targets in both experiments. The 10 targets containing the
syllable /kak/ either in the initial or in the final syllable were common in the two
experiments.  The other 20 target words were specific to each group. and the target-
bearing syllable was always CVC. Thus the target did not generally coimprise a whole
syllable but only a syllable sub-part, so no whole syllable analysis was possible for either
/ka/ or fak/.

As presented in Table 3.6. distractors were also designed in a similar way between
the two experiments.  There were three types of distractors, depending on the number of
interfering phonemes (i.e.. /k/ or /a/ in this case). The first type was the least interfering
type DO, which contained neither /k/ nor /a/: the second type was D1, containing an onset

/k/ or a coda /k/: and the third type was D2, containing the non-target sequence /ak/ or

/K.
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TABLE 3.6. EXAMPLES OF DISTRACTORS USED IN EXPERIMENT 4

DO D1 tone-phoneme) D2 (iwo-phoneme)

Experiment Example  Type Example Type Example
4A: /ka/ ton.yo kog.tog -ak cak.sim
4B: Jak/ 10g.yo cik.cap ka- kan.co

Just as the 10 /kak/ targets were commoen in both Experiments 4A and 4B. so were 10 DO

distractors. These distractors were expected to interfere least with the concepts that

subjects were supposed to learn, since they did not contain either /k/ or [af. (Sec

Appendices 5 and 6 for a full list of the stimuli used in Experiments 4A and 4B.)

The order of stimulus presentation was designed to gradualiy teach the concept

“words containing the body /ka/" for Experiment 4A and “words containing the rime

fak/" for Experiment 4B, and to maintain the same increasing degree of difficulty

between the two experiments. The same reinforcement schedule as in the practice task

was also used. The three basic sub-lists used were parallel to those in the practice

session. (There were no test sessions in Experiments 4A and 4B.)

Words 1-12:
Words [3-36:

Words 37-60):

TARGETS
3TI. 3 TF words
6 TI 6 TF words

6 TI, 6 TF words

mixed with
mixed with

mixed with

DISTRACTORS
6 DO
6 DI, 6D2

4D0,4D1,4D2
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3.4.4. Results

1441, Experiment 4A

3.4.4.1.1 Overall results

A total of 44 subjects were divided into two groups. Group I subjects performed
both the practice and the main experiment, while Group II subjects performed the main

experiment only.? Table 3.7 presents the results of the main experiment in both groups:

TABLE 3.7. RESULTS OF EXPERIMENT 4A (n = 44)

Response Measure Group Al (n = 18) Group All (n = 26)
Subjects reaching criterion 11 15
(61.8%) (57.7%)
Number of correct responses 46.3 43.2
(77.2%) (72.0%)
Trials to criterion (15-61) 36.4 39.6

In the above results, a practice effect was not indicated. Although the numerical
differences slightly favored Group Al, where subjects performed the practice task, there
were no significant differences in subjects’ performance between the two groups.
(Neither the total number of correct answers nor trials to criterion reached significance at

the .05 level.)

3.4.4.1.2. Responses to each stimulus type

The responses to each type of targets and distractors are given in Table 3.8 below.

These figures include only responses made at and after (but not before) reaching criterion.
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TABLE 3.8. NUMBER AND PERCENT CORRECT RESPONSES TO TYPES OF
TARGETS AND DISTRACTORS IN EXPERIMENT 4A (Based on 26 subjects who
reached criterion)

Type # Correct # Total Yo Correct
Targets kak 228 239 95.4
ka-.- 211 227 93.0
-.ka- 211 232 90.9
Sum 650 698 93.1
Distractors @ (D) 195 205 05.1
k- (D1 202 237 85.2
-ak (D2) 228 244 934
Sum 625 686 91.1

The overall percent of correct responses for the targets (93.1%) and distractors (91.1%)
were not significantly different. There were also no significant differences among the
three target types. In the distractor types. however, significant differences were found
(F112,50) = 7.27; F2[2.27] = 6.76. p < .005 for both). T tests showed that the D1 type
yielded significantly more errors than either DO (¢1[25] = 2.79, p < 01 291 =287, p <
.05) or D2 (£1]25] = 2.96. p < .01; 2[9] = 2.58, p < .05). These results from the distractor
types seem to suggest that, in forming a concept of “words containing the body /ka/,”
subjects paid more attention to the onset /k/ than to the vowel /a/, and that the occurrence
of /k/ in the coda did not cause as much interference with the target /ka/. This result is
reminiscent of the sound similarity judgment experiment in Yoon and Derwing (1994),
who showed that two CVC Korean words sharing the same consonant but in different
positions (e.g.. /pin-mup/) were judged to be just as dissimilar as those sharing no
consonants (e.g., /pin-mut/), but much less similar than those sharing a consonant in the

onset (e.g.. /pin-put/.
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3.4.4.1.3. Subjects’ comments

Finally, subjects” comments after the experiment were analyzed. Out of 26
subjects who reached criterion, 21 mentioned “ka™ in various ways. Of these 21 subjects,
eight commented on pronunciation (e.g.. “the pronunciation /ka/ is in either syllable of
the words™), and four specifically pointed out the spelling (e.g., “the words contain the
spelling 7} <ka>"). and the remaining nine did not specify either pronunciation or the
spelling but simply included “ka™ in their comments. Interestingly. four subjects (three of
whom were commenting on pronunciation) pointed out that the syllable in question
should contain parchim (i.e.. a coda) after /ka/. Only one subject commented that the
words should have a combination of ~ <k> and b <a>.

Most of the subjects who could not reach criterion made no comments. Two
comments from these subjects “the words have the initial /k/,” indicating that they were
forming a (wrong) concept of onset. But there were no instances of forming a concept of
/a/. This is presumably related to the fact that the D1 distractor containing the onset /k/

caused more interference than the D2 distractor containing the rime /ak/. (See section

3.4.4.1.2 above)

3.4.4.2 Experiment 48

3,4.4.2.1. Overall results

A total of 41 subjects were divided into two groups. As in Experiment 4A, the
first group of subjects (n=22) performed both the practice and the main experiment, while
the second group of subjects (n=19) performed the main experiment only. Table 3.9
below presents the results of the main experiment for both groups. Again, no practice
effect was indicated. as in Experiment 4A. Except for a slightly bigger difference
between the number of subjects reaching criterion, both trials to criterion and number of

correct responses showed that there was no difference in performance between the two
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groups (p > .1 for al). Although the total number of correct responses (A8 1isd =7
was smaller than that in Experiment 4A (34.5: sd = 11.5), it was still significantly larger

than the 30 which was to be expected by chance (11[40] =7.03, p <.001).

TABLE 3.9. RESULTS OF EXPERIMENT 4B (n = 41)

Response Measure Group Bl (n = 22) Group Bl (n= 1Y)
Subjects reaching criterion 8 5
(36.4%) (26.3%)
Number of correct responses 39.0 37.2
(65.0%) (62.0%)
Trials to criterion (15-61) 47.5 55.1

3.4.4.2.2. Responses to each stimulus type

The responses to each type of targets and distractors are given in Table 3.10
below. As in Experiment 4A. only responses made at and after (but riot before) reaching
criterion were included. In Table 3.10, the total number of responses was smaller than in
Experiment 4A. since fewer number of subjects reached criterion.

Even including only the responses made at or after reaching criterion, overall
proportion of correct answers (83.4%) was smaller than that of Experiment 4A (92.1%).
However, many similar treads were found between Experiments 4A and 4B. First, as in
Experiment 4A, correct responses for the targets and distractors were not significantly
different. There were also no significant differences among the three target types.
However, there were significant differences among the three distractor types (F112,24] =
6.16, p < .005: F2[2.27] = 31.62, p < .001). T tests showed that the DO type containing
neither /a/ nor /k/ had yielded more correct responses than either DI (n1[12] = 2.96,p <

01 219] =471, p <.001) or D2 (1|12} = 3.45, p <.005; £2[9) = 7.29, p < .001).
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TABLE 3.10. NUMBER AND PERCENT CORRECT RESPONSES TO TYPES OF
TARGETS AND DISTRACTORS IN EXPERIMENT 4B (Based on 13 subjects who

reached criterton)

Type # Correct # Total % Correct
Targets kak 80 94 85.1
-ak.- &7 98 88.8
-.-ak 90 100 90.0
Sum 257 292 88.0
Distractors @ (D0) 80 82 97.6
-k (D1) 88 108 81.5
ka- (D2) 68 109 62.4
Sum 236 299 78.9

3.4.4.2.3. Subjects’ comments

Overall, subjects’ comments on the target /ak/ in this Experiment 4B varied more
than those on the target /ka/ in Experiment 4A. Out of 13 subjects who reached criterion,
seven correctly commented on the defining property of the target words. Three subjects
mentioned “the words have the spelling O} (/ak/ with the phonologically null symbol
« 0 which is required to write a vowel-initial syllable), while the other four said that the
words had a combination of the vowel /a/ plus the consonent /K/.

Of the 28 subjects who could not reach criterion, three subjects commented on the
vowel /i4/. two on the coda /k/, and one on the consonant /k/. These comments reflected
different interference types with forming the concept /ak/. Compared to Experiment 4A,
where little inference seemed to be caused by the vowel /a/ with the target /ka/, these

comments revealed that the distractors containing the vowei caused more errors in
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forming the rime concept in Experiment 4B than in forming the body concept in

Experiment 4A.

3.4.4.3. Comparison between Experiments 4A and 4B

As discussed above, no practice effect was found in either Experiments 4A or 4B.
A series of two-factor analyses of variance was also conducted on the average trials to
criterion and on the total number of correct responses in the main experiments. In these
analyses, practice effect (i.e., between the two groups in either experiment) and
experimental effect (i.e., between the two target groups) were treated as independent
variables. Both in the total number of correct responses and trials to criterion, the
experimental effect was significant (F1[1.81] =9.74, 5 < 005 for the total number of
correct answers: and Fi[1.81]=10.11, p < .005 for trials to criterion). The practice effect
did not reach significance at the .05 level .~ either experiment by cither responsc
measure, nor was there a significant interaction between the two effects.

The results were thus pooled across the two groups in each experiment. Table

3.11 shows the pooled results from both experiments.

TABLE 3.11. RESULTS OF EXPERIMENTS 4A AND 4B (n = 85; Two groups within
both Experiments combined)

Response Measure 4A: /ka/ (n = 44) 4B: fak/ (n =41)
Subjects reaching criterion 26 13
(59.1%) 31.7%)
Number of correct responses 44.5 38.1
(74.2%) (63.5%)

Trials to criterion (15-61) 38.3 51.0
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These results are also graphed in Figure 3.2 below, using a percentage “'success rate”

measure.

FIGURE 3.2. DIFFERENCE BETWEEN THE BODY AND THE RIME IN TERMS OF
“SUCCESS RATE™ ™ OF THE THREE RESPONSE MEASURES

@ body/ka/
80
D rime /ak/
60 -
faxd
40 +
20 4
O -

%Subjects %Trials %Correct

* For the ease of comparison, trials to criterion were converted to percentage by
the formula, “(61-trials to criterion) x 100/46™, in which the earliest possible trial
(l).j/o ls converted to 100%, and the 61 (for a subject who did not reach criterion) to
As can be seen in Table 3.11 and Figure 3.2, subjects in Experiment 4A found the task
much easier than those in Experiment 4B. Not only did a greater percentage of subjects
in Experiment 4A reach criterion (59.1% vs. 31.7%), the other two response measures
also pointed in the same direction: significantly fewer trials were required to learn the
concept (38.3 vs. 51.0; Fi}1.81] = 10.11,p < .005), and the total number of correct
responses was significantly higher (44.5 vs. 38.1; F1[1,81] =9.74, p <.005). Ignoring the

subjects who did not reach criterion, the average trials to criterion in Experiment 4A was
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a quite impressive 22.6 (sd = 11.5). which is comparable to the results of an carlier series
of English /k/ CF experiments (see. for example, section 3.2.3.2 for the results reported in
Ohala, 1986). Furthermore. the total number of 44.5 correct responses. which amounts
74.2 % correct overall was significantly higher than the 30 correct responses (or 50%)
expected by chance (¢1]43] = 8.36, p <.001).

Finally. the difference between the two target groups was also found in subjects’
post-experimental comments. Many more subjects could point out the defining property
for /ka/ targets than /ak/ targets (21 vs. 7 subjects). Interestingly, among the subjects who
reached criterion, only one subject in Experiment 4A identified the target /ka/ as a
combination of /k/ and /a/. while three subjects in Experiment 4B treated the target /ak/ as

a combination of /fa/ and /k/.

3.4.4.4. Covariance between the Practice and Main Experiments

The results analyzed between Groups I and 11 of Experiment 4A and 4B have
shown that there was no significant practice effect, and the results were thus pooled
across these groups. For all three response measures, these pooled results strongly
suggested that the concept of “words containing /ka/” in Experiment 4A was more readily
mastered than the concept of “words containing /ak/" in Experiment 4B. However, the
performance on the practice task was slightly better for subjects in Experiment 4A than
subjects in Experiments 4B, as graphed in Figure 3.3 below. Therefore, it is necessary to
check whether the differences between Experiments 4A and 4B (i.e., for only those
subjects who did the practice task) would be significant if these subjects’ performance on

the practice task were taken into account.!?
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FIGURE 3.3. COMPARISON OF SUBJECTS’ PERFORMANCE ON THE PRACTICE AND
MAIN EXPERIMENTS 4A AND 4B

70 4 50 7 ——a—  Subjccts in 4A (Body)
--------- o  Subjects in 4B (Rime)

404 T

¢ subjects reaching criterion
(8}
o
|3

Number of correct answers

30 35
Practice Main Task Practice Main Task

One possible way to test this is to perform an analysis of covariance, treating the
results of the main experiments as variates and the results of the practice task as
covariates. Since the main interest is in the variate, the covariate can be manipulated as a
classification factor (Winer, Brown, and Michels, 1991). Thus, the total number of
correct responses (ranging from 24 to 59) in the practice session was divided into the
three classes as shown in Table 3.12 below.!! As shown in the first column of the table,
the subjects (n = 40) were classified into three groups in terms of their performance on
the practice task. The figures in the second and third column are the number of correct
responses taken from main experiments.

Using an experimental factor (i.e., 4A and 4B) as the variate and a classification
factor (i.e.. I. 11, and I11) as the covariate, an ANOVA was conducted both on the number
of correct responses and on trials to criterion. In the number of correct responses, the
experimental factor was significant (F111.34] = 5.25; p = .028), while neither a
classification factor (F112.34] = .25: p > .7) nor any interaction was significant (F1{2,34]
= .05; p>.9). Similarly, in the trials to criterion, the experimental factor was marginally

significant (F1]1.34] = 3.87: p < .06), while neither classification factor nor ary
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interaction was. The results from these analyses thus indicated that the difference in
performance on Experiments 4A and 4B did not vary as a function of subjects’

performance on the practice task.

TABLE 3.12. ILLUSTRATION OF ANALYSIS OF COVARIANCE OF TOTAL NUMBER
OF CORRECT RESPONSES (Comparison of Experiments 4A and 4B on the basis of
subjects’ performance on Practice task)

Experiments (Variate)

Practice task

(Covariate) 4A (n=18) 4B (n = 22)
1. 24-35 3248 53 60 3234 383942464650
(n=12) (mean = 48.3) (mean = 40.9)
II. 36-47 30 31 3537 46 52 58 59 60 30 32 33 34 36 38 49 56
(n=17) (mean =45.3) (mean = 38.5)

I11. 48-59 3233505959 27 32333443 54
(n=11) (mean = 46.6) (mean = 37.2)

3.4.5. Discussion

The results reported in Section 3.4 have shown that the concept defined in terms
of the body unit was easier for subjects to form than the concept defined in terms of the
rime. Not only did the body concept have (i) more subjects reaching criterion, it also had
(ii) fewer trials to reach criterion and (iii) more overall correct responses than the rime
category.

These results confirmed that CV/C is a more natural division of a CVC syllable in
Korean than C/VC and that CV has a more salient property than VC. In terms of the
basic level notation discussed in Jaeger (1980a), the subsyllabic unit CV (body) in
Korean appears to be more basic than the VC (rime). In other words, CV is basic in that

it consists of a single subsyllabic unit (the body), whereas, VC is not in that it consists of
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two units (i.c.. part of the body plus the coda). This difference seems to have been
reflected in subjects’ comments; most subjects considered /ka/ as one unit, while fak/ was
often described as a combination of /a/ and /k/.

In sum, the results of Experiment 4 were in accord with those of Experiments 1
and 2. which showed that CVC word pairs were judged more similar if they shared a

common CV than a common VC.

3.5. Experiment 5

3.5.1. Goals

Experiment 5 was designed to compare the conceptual saliency of phonemes and
sytlables. Which concept in Korean is easier to learn, one defined in terms of phonemes
or one defined in terms of syllables? Two groups of subjects participated. The target for
the first group was “a word containing the phoneme /k/”, and the target for the second
group was “*a word containing the syllable /kak/". Closely related to this comparison is
the notion of hasic level discussed in Section 3.3.1. If the phoneme is psychologically
more basic than the syllable, as suggested by prior English CF experiments. subjects in
the first group should find the task easier than subjects in the second group. That is. that
there would be (i) more subjects learning the target; (ii) fewer trials to criterion, on
average; and (iii) more overall correct responses. On the other hand, if the syllable is a
more salient unit than the phoneme, as suggested by the results of Experiment 3, the
opposite results should be found.

In the discussion of her CF experiments, Jaeger (1980a) linked the “basic units”
that emerged to orthographic properties. She found, for example, that English subjects
could learn easily the concept “words containing /k/”, while only half of her Japanese

subjects could learn the concept “words containing /t/". Jaeger argued that the basic level
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is a phoneme for English and a syllable for Japanese. and she attributed this discrepancy

in basic levels to orthographic difterences between the two languages:

English speakers talk about the sounds of their language in terms of
letters: therefore ‘a sound” is equivalent to a letter-sized segment of the
speech stream. Japanese speakers talk about the sounds of their language
in terms of a syllabary: therefore *a sound’ is equivalent to a syllable.
Because the unit of sound captured by the orthography has been learned
consciously, it is the unit most easily available to consciousness... | Tlhe
basic level of categorization of the sound of literate speaker’s language is

the level at which the orthography captures (p. 145-146).

However. there are some flaws in this line of reasoning. First, the conclusion that
the phoneme is a basic level in English was drawn from the comparison with the
phoneme in Japanese but not with other units (e.g., syllable) in English. Thus, the
possibility still remains for English that the syllable is just as psychologically basic as the
phoneme is. Similarly, all that was tested in Jaeger's Japanese experiment was the
psychological status of the phoneme in that language, not the syllable concept per se.
Furthermore. more recent evidence shows that the mora, rather than the syllable, is the
basic level of speech perception in Japanese (Otake. Hatano, Cutler, and Mehler, 1993;
Derwing and Nearey, 1994). In fact, the level that the Japanese orthography captures is
not the syllable but the mora.!2

An important aspect of Experiment 5, therefore, is a direct comparison between
the segment and the syllable within a language. In addition, the orthographic interference
found in the previous CF experiments can be minimized in Korean, owing to its unique

writing system. Most notably, the fact that hoth phoneme-sized and syllable-sized
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orthographic units are represented in Korean permits a comparison between the phoneme

and syllable that is as independent as possible of orthographic influences.

3.5.2. Experiment SA

The subjects were 23 freshmen taking an introductory English composition class

at Sogang University.!?

3.5.2.2. Stimuli

Experiment SA was designed to test whether various allophones of a phoneme can
be classified into a single category by Korean subjects. The target word was a “word
containing /k/.”" There were several reasons for choosing /k/ as a target phoneme. First,
using the same target phoneme as in the previous English experiments provides a
maximally similar cross-language comparison. Second. the frequency of /k/ as an onset
and as a coda is well balanced. Third, the allophonic variations for the Korean phoneme
/k/ are suitably diverse, as summarized below:

lo

(iy Unreleased syllable-finally: /k/ — [ko]/

(it) Voiced intervocalically: /k/ — [g] / [+voice] [+voice]

(iii) Plain voiceless elsewhere: /k/ — [k]/ ¢l

Fourth, the orthographic situation for /k/ is also complex. Due to the syllable-final
unreleasing that ncutralizes all tense consonants and consonant clusters, /k/ has the

following four spelling variants in addition to the standard <k>( 2):
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Standard spzlling: - in 4. so<k> — /fsok/ inside’

. . o) . . N
(1 miIn ‘?\‘t} smuckk>aa > /mukty o tie

.. ) o) . .
(i) » in T = . pu.a<ikh> — /pu.ak/ “kitchen
(ii)) w in % : mo<ks> — /mok/ “share’

(iv) 22 in = : hi<lk> — /hik/ soil’

Interestingly. there is a directly opposite situation from the above spelling variants of /k/,
where a segment is spelled as <k> but pronounced as /k'/: mul.<k>a — /mul.k’a/ *price’.
These orthographic variants of /k/ and the spelling variant of /k’/ will be reserved for the
test session.

In the learning session there were a total of 60 words: 30 targets and 30
distractors. Targets were further divided into three types of allophones consisting of 10)

words each as shown below:

TABLE 3.13. EXAMPLES OF STIMULI USED IN EXPERIMENT 5A

Example

Type One-syllable Two-syllable
Targets [k] kil
[kej pak
[g] ma.kam
Distractors @ (D0) pan
/o/ (D1) pag $0.pafg
/k’/ or /kh/ (D2) khal khin.cip

Distractors were also divided into three types. depending on the degree of interference

with the target: 10 distractors containing no velar consonants, 10 containing /n/, and 10
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containing /k’/ or /kb/. In Table 3.13, numbers in D0, D1, and D2 indicate an increasing
degree of interference, e.g.. DO distractors were assumed to be least interfering with the
target words, since they did not contain any velar consonants, and D2 the most
interfering, since they also involved velar stops.

The stimuli were played to subjects in the following order, to gradually teach the

concept “words containing /k/:

TARGETS DISTRACTORS
Words 1-12: 3 [k]. 3 [k°] words mixed with 6 DO
Words 13-36: 4 [k], 4 [k°]. 4 [g] words mixed with 6 D1, 6 D2
Words 37-60: 3 [k], 3 [k°]. 6 [g] words mixed with 4 DO, 4 D1, 4 D2

In the first list (words 1-12). two types of targets were intermixed with non-
interfering distractors, and all stimuli were one-syllable words. In the second list (words
13-36). |g] words and D1 and D2 words were introduced. and stimuli were either one- or
two-syllable words. In the last list (words 37-60), all three types of targets were
intermixed with all three types of distractors. (See Appendix 7 for a full list of the stimuli
used in Experiment 5A.)

In the test session, subjects heard the following list of words:

l. kim T 2 khwe.cha 3. pak T 4.k’ul D
S. hi<lk> /k/ 6. som 7. pu.a<kh>  /k/ 8.kyag T

15. phum.sa<ks> /k/ 16.k’'u.mim D

D
D

9. mul.<k>a /k*/ 10. k" op D 1l ta<lk> /k/  12.cuk T
13. in<k>i  /k’/ 14, po.ki T
T

17. hyo.<k>wa /k’/ 18. aki 19. sul D  20. nas.<k>a/k’/
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The 20 words were divided into six targets, six distractors. and eight test words, and were
designed to ascertain whether subjects’ judgments were phoneme-based or spelling-
based. Since the main interest in the test session was the way in which the test words
were categorized by subjects, no reinforcement was made as to the correctness of
subjects” responses in this session. T and D words indicate targets and the distractors,
respectively: these words were used as controls to reinforce the concept. There were two
types of test words: one with spelling variants of /k/ and the other with /K’/ words spelled
with the letter <k> (). “Yes” responses to /k/-test words indicate that subjects’
judgments were phoneme-based. while “yes” responses to /k’/-test words indicate that

they were spelling-based.

3.5.2.3. Results

3.5.2.3.1. Overall results

Out of 23 subjects. only seven reached criterion in the learning session (30.4 %).
The mean number of trials to criterion was 55.6 (sd = 10.8), which was poorer than that
of Experiments 4A and 4B. Even after excluding subjects who did not reach criterion,
average trials to criterion was still a very unimpressive 43.1 (sd = 12.9). Compared with
the English /k/ CF experiments, in which 90 % of the subjects reached the criterion and
the average trials to criterion was only 23 (Ohala, 1986), the present results showed that
the task was much more difficult for Korean speakers.

The results from the total number of correct answers also showed that the
subjects’ performance on the /k/ task was relatively poor. The average total number of
correct responses was 36.3 (sd = 6.3: 60.5 % overall correct rate), which was smaller than
that of any of the four groups in Experiments 4A an 4B.  However, it was still
significantly larger than the average of 30 which was expected by chance (11]22] = 478, p

<.001).
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3.5.2.3.2. Responses to each stimulus type

The responses to each type of target and distractor are given in Table 3.14. These
figures include responses made at and after (but not before) reaching criterion. In the
three target types. [k|-words had the highest percent correct responses and [k°] -words the
lowest. However, an ANOVA showed that the differences in individual subjects” percent
correct responses io the three types of targets were not significant. Similarly, the
distractor type without any velar sound had the higher percent correct responses than the

other two types, but the differences were again not significant.

TABLE 3.14. NUMBER AND PERCENT CORRECT RESPONSES TO TYPES OF
TARGETS AND DISTR ACTORS IN LEARNING SESSION OF EXPERIMENT 5A (Based
on seven subjects who reached criterion)

Type Total # # Correct % Correct
Targets k] 28 24 85.7
[ke] 31 23 74.2
lg] 49 41 83.6
Distractors no velars 31 31 100
velar nasal 41 38 92.6
velar stops 41 37 90.2

That there were no differences in percent correct responses among the three target types
was similar to the results of Jaeger's English /k/ experiment (1980a: 201). It appears,
therefore, that phonetic environments of the phoneme /k/ were not a significant factor on
subjects’ performance in either the Korean or the English /k/ CF experiments. Instead,
orthography seemed to have played a more important role, at least in the English case. In
Jaeger's English /k/ experiment above, in fact, there were significant differences when

target words were grouped by spelling (e.g., <k>-words, <¢>-words, etc.)
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3.5.2.3.3. Responses to test words and subjects” conumenis

The test session was designed to test whether subjects” judgments were phoneme-

based or spelling-based. The analyses were again based on the responses made by the

seven subjects who reached criterion. In the 20 stimuli in the test session, four were

words containing orthographic variants of the phoneme /k/: another four were words

containing the phoneme /k*/. which were spelled as <k>: and the remaining 12 were

targets or distractors that were learned in the learning session. The responses to this latter

set of 12 stimuli had a quite high overall correct percentage (92.9%: 78 correct responscs

out of 84). indicating that the subjects did learn the concept of “words containing /k/.”

Table 3.15 shows the responses to both kinds of test words.

TABLE 3.15. NUMBER AND PERCENTAGE OF “YES™ RESPONSES TO TEST WORDS
AND COMMENTS ON THE TARGETS WORDS MADE BY INDIVIDUAL SUBJECTS

~Subject /K/ test

(n=7)  words (n=4)

/K] test

words (n=4) Comments on target words

If there is the letter <k>, “Yes™

#1 3(75%) 1 (25%) ~—_if there are letters <s> <>, “No™.
#5 2 (50%) 3(75%) No comments
The <k> is in the first sound or in the
#7 1 (25%) 4 (100%) last sound.
#11 0 0%) 4 (100%) Voiced sound vs. unvoiced sound
#14 0 (0%) 4 (100%) The letter <k>
#22 0 (0%) 4 (100%) Strong sound vs. soft sound
#23 4 (100%) 0 (0%) Harsh sound vs. liquid sound
Total

(n=28) 10 (35.7%)

20 (71.4%)

As can be seen in the table, the percent “yes” responses to /k/ test words (i.e., spelling

variants of the phoneme /k/) was only 35.7%, indicating that the subjects™ judgments

were in most cases spelling-based. On the other hand, the /k’/ test words which are
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speiled as <k> but pronounced as [k'] had 20 “Yes™ responses out of 28 (71.1%). In
particular, subjects #7, #11, #14, and #22 consistently categorized the /k’/ test words into
the target. Interestingly, although subjects #11 and #22 described the defining property
as “sound.” these subjects’ actual judgments were based on the spelling <k>.

In sum, the results of the test session suggest that orthography had a significant
effect on the task of classifying various allophones of /k/ into a category. The results of
the learning session also showed that phonetic details of the target types were not a
significant factor. These two sets of results are in general accord with Jaeger’s English

/k/ experiments (1980ab, 1986a).

3.5.3. Experiment 5B
3.5.3.1. Subjects

The subjects were 21 freshmen taking an introductory English composition class

at Sogang University. !

3.5.3.2. Sumuli

The concept taught was *“a word containing the syllable /kak/”. The main concern
in designing this experiment was to keep both the types of stimuli and the procedures
maximally similar to those in Experiment 5A.  First, the instructions were identical in
both experiments. Second. the stimuli in the learning session were again composed of 30
targets and 30 distractors, and the targets and distractors were divided into the following
three types. which parallel as closely as possible the types used in Experiment 5A (see
Table 3.16). The targets were further divided into 10 TI (Initial), 10 TF (Final), and 10
TM (Middle) words. depending on the location of the syllable /kak/, a distribution that
was designed to parallel the three allophonic variations of /k/ in Experiment 5A.

Numbers in DO, D1, and D2 indicate the number of critical phonemes (i.e., /k/ and /a/ in
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this case) contained in the distractors, reflecting the increasing degree of interference with
the targets. In order to minimize any potential effects of the number of syllables on
subjects’ performance, the ratio of two-syllable words to three-syllable words was also
maintained the same as the ratio of one-syllable words to two-syllable words in

Experiment 5A.

TABLE 3.16. EXAMPLES OF STIMULI USED IN EXPERIMENT 5B

Example

Type Two-syllable Three-syllable
TARGETS kak.- (TT) kak.pyal
- kak (TF) sim.kak
-.kak.- (TM) ta.kak.to
DISTRACTORS no /k/ or /a/ (DO) tog.yo
/k/ or [a/ (D1) kog.tog ku.sag.wan
/ka/ or fak/ (D2) kam.sok kan.ho.wan

The stimuli were played back to subjects in the following order, to gradually teach

the concept “words containing the syllable /kak/"

TARGETS DISTRACTORS
Words 1-12: 3 TI, 3 TF words mixed with 6 DO
Words 13-36: 4TI, 4 TF,4 TM words  mixed with 6 DI, 6 D2
Words 37-60: 3 TI 3 TF, 6 TM words mixed with 4 D0, 4 D1, 4 D2

The relative ordering between types of targets and distractors and the reinforcement

schedule were also the same as in Experiment 5A, in order to maintain the same
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increasing degree of difficulty toward the end of the list. (See Appendix 8 for a full list of

the stimuli used in Experiment 5B.) There was no test session in Experiment 5B.

3.5.3.3. Results
3.5.3.3. 1. Overall results

Out of 21 subjects, 18 reached criterion (85.7%). The mean number of trials to
criterion was 27.8 (sd = 16.3), which was the best of all the Korean CF experiments
discussed so far. Excluding the three subjects who did not reach criterion, the result was
a quite respectable 22.2 (sd = 9.3). Most subjects could identify the target very easily and
carly. These results of Experiment 5B on Korean syllable /kak/ were much more
comparable to those of Jaeger” English /k/ experiments than to those of Experiment 5A
on the Korean phoneme /k/.

The results from the total number of correct answers also pointed in the same
direction. The average total number of correct responses was 51.8 (sd = 8.5; 86.2%

overall correct rate), which was again best of all the Korean CF experiments.

Calculated on the basis of responses made at and after reaching criterion, the
percentage of correct responses was higher than 94% for all three target types and all
three distractor types. As in Experiment 5A, there was a trend in which TI (target-initial
syllable in Experiment 5B and target initial phoneme in Experiment 5A) had the highest
percentage of correct responses of all target types, but there was again no significant
difference either among the three types of targets or among the three types of distractors.
Thus the responses to each stimulus type will not be analyzed in detail. Suffice it to say
here that neither the location of the target syllable nor the supposed degree of interference

mattered in the task of mastering a syllable-based concept in Korean.
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3.5.3.3.3. Subjects’ comunents

Among the 18 subjects who reached criterion. all but one subject commented in
one way or the other on the common property of the target words. Fourteen subjects
(72.2%) mentioned the letters <kak>. e.g., “The words contained the letters <kak>."
Only three subjects (16.7%) attributed the common property to pronunciation, ¢.g., “The
sound /kak/ was pronounced in the words.” It seemed thus obvious that orthography
played an important role in Experiment 5B. as well as in Experiment 5A.

In Experiment 5B, not only were there more subjects who correctly commented
on the target, but there was less variation in individual subjects’ comments than in
Experiment 5A. In addition to the three response measures discussed in sections
3.5.2.3.1 and 3.5.3.3.1, therefore, subjects’ naming ability also showed a difference

between the phoneme-based concept and the syllable-based concept in Korean.

3.5.4. Discussion

3.5.4.1. Overall Comparisons between Experiments SA and 5B

As discussed in sections 3.5.2. and 3.5.3., the phoneme-based concept (in
Experiment SA) was much more difficult to form than the syllable-based concept (5B).
All three response measures showed that subjects in Experiment SA found the task more
difficult than subjects in Experiment 5B, as shown in Figure 3.4. Table 3.17 below
shows the results of ¢ tests for the three sets of comparisons that were available from the
present experimental design. All of the three ¢ scores were highly significant (a0 = .0001),
revealing a big difference between the phoneme-based concept and the syllable-based

concept in Korean.
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FIGURE 3.4. DIFFERENCE BETWEEN THE PHONEME AND THE SYLLABLE IN
TERMS OF “SUCCESS RATE™ # ON THE THREE RESPONSE MEASURES

E phoneme
[] syllable

100 ~

80 A

60 -

40 -

20 1

m !

% Subjects % Trials % Correct

# For the ease of comparison, trials to criterion were converted to percentage by
the formula explained in Figure 3.2.

TABLE 3.17. COMPARISON OF RESULTS OF EXPERIMENTS 5A AND 5B (n = 44)

Experiments Differences
Response Measures 5A: /k/ 5B: /kak/ t1(42) 1(59)
Subjects reaching criterion 7/23 18/21
Trials to criterion 55.6 27.8 6.73
Total correct answers 36.3 51.7 -6.93 -11.45

3.5.4.2. Cross-linguistic Comparison

The present section compares the results of Experiments SA and 5B with those of
the English (Ohala. 1986a) and Taiwanese (Derwing and Wang, in press) phoneme tests.

Table 3.18 shows some comparisons among these studies:
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TABLE 3.18. CROSS-LINGUISTIC COMPARISON OF THE PHONEME CONCEPT

Response Measures Korean English Taiwanese
Trials to criterion used 13/15 * 13/15 12/14
% Ss reaching criterion 30% (86%)** 90% 23Gp F¥
% cov -ctanswers 619% (869%) not available 53%
Trials to criterion for 43 (22) 23 not available

Ss reaching criterion only

* 13/15 indicates 13 correct answers out of 15 trials in a row: ** numbers in
parenthesis indicate the results for the Korean syllable /kak/. and *** the
Taiwanese results were averaged across the onset and the coda.

Although the experimental designs were slightly different (e.g.. trials to criterion used),
the figures in Table 3.18 provide a reasonable ground for a cross-linguistic comparison.
First, the percent of subjects reaching criterion shows that the phoneme-based concept in
Korean was much more difficult to form than in English but about as difficult as that in
Taiwanese. Instead. the syllable-based concept in Korean had about the sume percent of
subjects reaching criterion as the phoneme-based concept in English. The other response
measures also clearly show that the phoneme ccncepts in Korean and Taiwanese were
generally more difficult to form than the phoneme concept in English, but the latter was

about equal in difficulty to the syllable concept in Korean.

3.5.4.3. Conclusion

The comparisons made in the last two sections have shown that the phoneme-
based concept was much more difficult for Korean speakers to form than the syllable-
based concept. Although the phoneme in Korean receives orthographic support (unlike
the Taiwanese case where individual phonemes are not written), the phoneme in Korean

as well as in Taiwanese has turned out to be a less accessible phonological unit than the
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English counterpart. Instead. the syllable in Korean has manifested itself as a more viable
phonological unit, on the basis of which concepts are more readily formed. In sum, the
results of Experiments 5A and 5B strongly suggest that the syllable is the most basic

phonological unit in Korean, which plays a role that roughly parallels the phoneme in

English.

3.6. General Discussion
3.6.1. Summary of the Four Phonlogical Units Tested

It is clear from the above resuits that the syllable was by far the easiest concept to
form. In raw quantitative terms, the overall difficulty of the four phonological concepts
tested in the present experiments was as follows (ordered as indicated, from easiest to

most difficult): syllable = body — rime — phoneme. Table 3.19 below gives the

summarized results for the four concepts in Korean:

TABLE 3.19. COMPARISON OF THE FOUR PHONOLOGICAL CONCEPTS IN TERMS
OF THE THREE RESPONSE MEASURES

Response Measures Syllable Body Rime Phoneme
% Ss reaching criterion 86 59 32 30
# Correct answers (0-60) 52 45 38 36
Trials to criterion (15-61) 28 38 51 56

All three of the response measures pointed in the same direction for all four concepts
tested (¢.g.. in all three measures, the syllable was best, followed by the body, etc.).
Figure 3.5 below shows the statistical significance of the differences among the four

concepts (o = .05, two-tailed 1 tests by subjects).
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FIGURE 3.5. GROUPINGS OF THE FOUR CONCEPTS IN TERMS OF LEAST
SIGNIFICANT DIFFERENCE

60 - Number of Correct Answers 60 Trials to Criterion
[ ]
° 50 - °

50 -

1 d 40 -
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® 30 -
[ ] [ ]
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20
Syllable Body Rime Phoneme Syllable Body Rime Phoneme

NOTE: Boxes enclose means that are not significantly different.

As can be seen in Figure 3.5. by both response measures the only non-significant
difference was between the rime and the phoneme. The status of the rime in this regard
was similar to that of the segment. The segmental status of the rime in Korean was also
observed in subjects’ comments (Experiment 4B), in which the target Jak/ was described
as a combination of /a/ and /k/ or erroneously as /a/ or /k/. In the results of both response
measures. on the other hand, the body was intermediate in difficulty between the syllable
and the other two units. It can also be seen in Figure 3.5 that the two response measures

had a very strong (negative) correlation, indicating the reliability of both meusures.

3.6.2. Assessment of the Present Concept Formation Technique
There were two main modifications from the previous English CF experiments,

one in experimental procedures and the other in dependent variables.
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31.6.2. 1, Experimental Procedures

In the present experiments, subjects were tested as a group and were asked to give
written responses. Overall, group administration proved to be effective, as relative
difficulties among the four concepts tested were consistently reflected in all response
measures used.  Since a comparison of various phonological concepts was the main
purpose in the present CF experiments and it was predicted that there would be great
individual variation, more subjects were required than if the focus had been on the
categorization of some ambiguous members of a single concept. For this purpose, group
administration was an efficient means to obtain the requisite amount of data.

The written response mode. together with the exclusion of response time, may
have made the present CF experiments tap a relatively high level of processing only. As
Jaeger (1980a) pointed out, however, response time can be dispensed with in CF

experiments on the following grounds:

The concept formation experiments (without measuring response time)
tapped a more volitional level of response than the CC [Classical
Conditioning} cxperiment. But since subjects gave essentially the same
responses with the two formats, it appears that the responses in the CF
experiment were based on the same intuitive preexisting categorizations as

those elicited by the CC design. (p. 349)

3.6,2.2. Response Measures Used

Instead of response time, we have used the total number of correct answers as a
new response measure in the present experiments. In this section, the viability of the

three response measures including this new one will now be discussed.
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First. the number of subjects reaching criterion has provided useful initial
information on the overall difficulty of the concepts. A potentially serious probelm,
however. is that the number of subjects reaching criterion is completely dependent upon
how the criterion was set. In other words, trials to criterion can be manipulated by the
experimenter, such as 13 correct answers out of 15 consecutive trials (in the present
experiments and most previous English CF experiments), 12 out of 14 (Derwing and
Wang, in press), and 9 out of 10 (Jaeger. 1980b). All three criteria are extremely difficult
to be reached by chance (p <.01).

On the other hand, the total number of correct answers cannot be manipulated and
proved to be particularly useful in the present experiments. For example, a subject in
Experiment 4B, where the target was the rime /ak/, commented that the words had the
common <a> and were all concrete nouns as opposed to abstract ones. Although this
subject happened to reach criterion at the earliest possible trial (i.e., 15th), his overall
performance was relatively poor (46 correct answers, or 77% correct rate) because he had
rejected all abstract nouns. Interestingly. this subject could not have reached criterion, if
it had been set at 10 consecutive correct answers. In that case, however, rare accidental
response mistakes would be expected to take their toll.

In general, we would expect the total number of correct answers to be negatively
correlated with trials to criterion. The three alternative trials to criterion measures are
compared below in terms of their correlations with the total number of correct responses,
in order to check the reliability of each measure. The results are given in Table 3.20. Itis
obvious that the criterion 13/15 had the best overall correlations with the total number of
correct responses. Correlations given in Table 3.20 provide additional information on the
overall difficulty of the concepts: the stronger the correlation, the easier the concept.
Specifically, most correlations were around -.9 in Experiments 4A and 5B, in which the

concepts were easier; whereas most correlations were around -.7 in Experiments 4B and
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SA. in which the concepts were more difficult. In terms of the criterion 13/15, in
particular, the relative order of difticulty of the four concepts as discussed in section 3.6.1

was directly reflected in the degree of correlations: the syllable (r = .95); the body (r =

.93); the rime (r = .77): and the phoneme (1 = .75).

TABLE 3.20. CORRELATIONS BETWEEN TOTAL NUMBER OF CORRECT RESPONSES
AND THREE TRIALS TO CRITERION

Trials to Criterion

Experiments 12/14 13/15 10/10
4A: [ka/ -91 3) -93 (2) -95 (1
4B: fak/ =77 (O -77 (D -74 3)
SA: /k/ -.73 (2) =75 (1) -.59 3)
SB: /kak/ -.81 (3) -.95 (1) -.93 (2)

NOTE: Numbers in parentheses indicate rank order of correlations within each
experiment (row).

Furthermore. the results of the present experiments suggested that trials to
criterion (A) including all subjects, could be more informative than trials to criterion (B),
including only subjects reaching criterion. Table 3.21 below shows the level of
significance among the four phonological concepts tested. As indicated by the results in
Table 3.21. trials to criterion (A) and (B) show drastic contrasts: all differences
significant under criterion (A) were not significant under criterion (B), and the one
significant difference under criterion (B) was not significant under criterion (A).
Moreover, it is clear that the results using criterion (A) were more in accord with the
number of correct answers than were the results for criterion (B). Furthermore, the
percent of subjects reaching criterion was more strongly correlated with criterion (A) than

with criterion (B). as graphed in Figure 3.6. In sum, the major modifications proved to be
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successful in the present experiments. The total number of correct answers, in particular.
provided a useful basis against which the reliability of other response measures could be

checked.

TABLE 3.21. COMPARISON OF FOUR PHONOLOGICAL CATEGORIES IN TERMS OF
FOUR RESPONSE MEASURES

Response Measures Syllable Body Rime Phoneme
% Ss reaching criterion | 86 59 32 30
Number of correct answers | 52 «*o 45 **-5 3§ = 36
Trials to criterion (A) 28 *o 38 ** 5] = 55
Trials to criterion (B) for |22 = 23 = 30 x> 43
Ss reaching criterion only P = e -

Note: = non-significant; % significant at the .05 level: «** significant at the
.01 level |by unpaired, two-tailed  tests by subjects]

Furthermore, trials to criterion when set at 13 correct answers out of 15 trials in a
row had the strongest correlation with the total number of correct answers. It was also
discussed that, when a relatively small number of subjects reached criterion, trials to
criterion calculated on the basis of all subjects turned out to be more informative than
those which excluded subjects who did not reach criterion. Therefore, the two new
response measures used throughout the present CF experiments, (i) the total number of
correct responses and (ii) trials to criterion set at 13 correct answers out of 15 trials in a
row and including all subjects, proved to be very useful for the comparison between

concepts.
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FIGURE 3.6. CORRELATIONS BETWEEN THE PERCENT OF SUBJECTS REACHING
CRITERION (A) AND CRITERION (B)
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Notes to Chapter II1

I In linguistics, this notion of sharp boundaries among categories is illustrated in the strict
binariness of distinctive features in generative phonology, where phonemes sharing a
certain feature are in contrast with other phonemes lacking the feature. Thus, there can
be no phoneme whose category membership is ambiguous in the binary classification of

features, and phonemes sharing a feature are all equally good instances of that feature.

2 Since subjects included in their target concept such words as choir, quit, cash, etc., the
results. as Jaeger argued. could not simply be dismissed as orthographic artifacts.
Jaeger's (1980a) results concerning the categorization of [sk|- words were replicated by

Ohala (1986). (See section 3.2.3.2.)

3 Jaeger and Ohala (1984: 24) argued that some phonemes are better instances of the
feature [tanterior] than others (e.g., labial consonants are more “anterior like” than

alveolar consonants).

4 Other criteria can also be used such as 10 correct answers in a row or 14 consecutive
trials with two or fewer errors (Derwing and Wang, in press). A comparison of these

criteria will be discussed in section 3.6.

5 Jaeger (1980a: 176-177) suggested that “The small number of subjects, small amount of
error data, and positional interference have rendered these experiments [CF with a motor

response] less than ideal for studying response time phenomena.”™
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6 Thanks are expressed here to Dr. Chung Ja Kwon and Dr. Kyoung Sun Hong and to the

students in their classes.

7 Thanks are due here to Dr. Terry Taerum for his statistical advice as well as help in

tabulating the data.

¥ Thanks are expressed here to Dr. Chung Ja Kwon, Dr. Kyoung Sun Hong, Mr. Jae Hee

Cho. Mr. In Key Chung, and to the students in their classes.

9 It was originally plarned to have all subjects do the practice task before the main
experiment, the main purpose of the practice task being to check whether the average
ability of each subject group was about equal on a CF-type task. However, the time
prearranged for the experinent turned out to be insufficient for both tasks, primarily
because of many questions the subjects had about the instructions. After running the first
two groups. the experimenter decided to focus on the main experiment with the
remaining groups. Thus, the subjects in the remaining groups were given more time for

the instructions and questions, instead of doing the practice task.
10 Thanks are expressed here to Dr. Rebecca Treiman for suggesting this analysis.

1 There can be various criteria for the division of covariates. In general, the frequency of
each cell after the division is one of the most important criteria. Since the present data
from the total number of correct answers in the practice task ranged from 24 to 59 (with
36 possible scores). it was decided that subjects be divided into three groups (consisting

of 12 scores each) in terms of their performance on the practice task.
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12 Jaeger seems to have used the term syllable quite loosely. Although the mora and the
syllable often coincide in Japanese, syllables such as /tan/ consisting of two morae (i.c..
Jta/ + /n/) can be superordinate in comparison with monomoraic syllables.

13 Thanks go to Dr. Chung Ja Kwon and to the students in her class.

14 Thanks go to Dr. Kyoung Sun Hong and to the students in her class.
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CHAPTER 1V
SUMMARY AND CONCLUSION

Chapter I introduced the two main issues addressed in the present work: syllable
structure and the basic representational unit in Korean. The results of the experiments
discussed in Chapters II and III suggested that Korean contrasts with English on both
counts. This last chapter reviews the main outcomes of the experiments (4.1), discusses

the directions for future research (4.2), and makes closing remarks (4.3).

4.1. Review of the Experiments

Using global sound similarity judgments (SSJ) and concept formation (CF), five
experiments were carried out to test the issues of syllable structure and basic level of
representation in Korean. Table 4.1 summarizes the main outcomes of these
experiments. As for syllable structure, the CV (body) and the VC (rime) of a CVC
syllable were compared; and as for the second issue, the C (phoneme) was pitted against
the CVC (syliable). In both cases, comparisons were made in terms of the saliency of

these units in making the SSJ judgments and in terms of the ease with which these units

were learned in a CF task.

TABLE 4.1. SUMMARIZED RESULTS OF ALL PRESENT EXPERIMENTS

Experiment  Task Stimuli Issue Results
1 S8l CVC pairs CVvs. VC Ccv
2 SSJ CVC pairs CVyvs. VC Ccv
3 SSJ CV.CVC pairs Cvs. CVC CvC
4 CF CVC.CVC words CVyvs. VC Ccv

5 CF CVC.(CVC.CVC) words Cvs. CV(! CVC




4.1.1. Syllable Structure

In Experiment I, subjects judged the sound similarity of pairs of CVC words,
which varied in both the number and the position of matched phonemes. One of the main
results was that the phoneme was a significant variable, much as in the previous English
SSJ experiments (e.g., Vitz and Winkler, 1973), as the similarity scores for most pairs
could be differentiated in terms of the number of matched phonemes only. The only
exception to this generalization was that pairs sharing the CV were judged significantly
more similar than pairs sharing the VC. In addition, the CV contributed more to
predicting similarity scores than did the VC.

Using CVC pairs again, Experiment 2 focused on the twe types of pzirs (CVX-
CVX and XVC-XVC. where X indicates a mismatched phoneme) and varied the degree
of similarity between the mismatched phonemes (Derwing and Nearey, 1986; Bendrien,
1992). Though some feature effects emerged, the main finding of this experiment was
again the persistent pattern of higher similarity scores for CV matches over VC matches,
regardless of the type of mismatch in the X position. The results of Experiments 1 and 2
thus both indicated that the CV (body) is a more salient subcomponent of a Korean CVC
syllable than the VC (rime). Not only did the present SSJ experiments in Korean
replicate our earlier findings using the same SSJ technique (Yoon and Derwing, 1994),
they were also compatible with the results from prior word-blending studies (Derwing,
Yoon, and Cho, 1993; Yoon, 1994a).

Experiment 4 was designed to test whether the salience of CV in the SSJs of
Korean could be reflected in a radically different type of experimental task. We used the
CF technique to compare the relative ease with which a CV-based concept and a VC-
based concept were formed. Specifically, subjects in one group had to identify a target
set defined in terms of a common body unit /ka/, while subjects in the other group did the

same with a target set defined in terms of the rime /ak/. The former concept was easier to
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learn than the latter by all three response measures used: (i) more subjects learning the
concept; (ii) more correct responses; and (iii) fewer trials to reach the mastery criterion.
The results of Experiments 1, 2, and 4, together with our earlier findings, all
clearly indicate that the Korean syllable is left-branching, with the body as a major
subsyllabic unit. As far as syllable structure is concerned, Korean and English thus do
seem to contrast sharply, since most prior research on English has supported the rime as a
viable subsyllabic unit in that language (Derwing and Nearey, 1991; Dow, 1987,
Treiman, 1989, to name but a few). As noted in Chapter I, what naturalistic behavioral
evidence there is available has also supported the body unit in Korean (Ahn, 1988;
Cheon, 1980: Gim, 1987) but the rime in English (e.g., Fromkin, 1971; Hockett, 1967;
Shattuck-Hufnagel, 1983; Stemberger, 1983). Only in the English case, however, are
most theories of syllable structure (Fudge, 1969, 1987; Selkirk, 1982, etc.) supported by
empirical evidence, which is not in the case in Korean (e.g., Kang, 1991; Kim, 1986;
Kim-Renaud. 1978; Lee, 1993: Sohn, 1987). The results supplied here thus constitute a
major challenge to the theoretical approach that has been adopted by most Korean

phonologists heretofore, and to the kinds of evidence adduced.

4.1.2. Basic Level of Representation

Using the same two experimental techniques, the SSJ and CF, three experiments
were carried out to test the status of the phoneme vis-a-vis the syllable as the basic level
of phonological representation in Korean. These experiments were designed to be
maximally similar to the ones previously carried out in English, in order to allow for
objective cross-linguistic comparisons. Experiment 1 tested the role of the phoneme in
predicting the SSJs of Korean CVC syllable pairs. As with the SSJs for English CVC
syllables (e.g.. Derwing and Nearey, 1994). the individual phonemes played a significant

role. Since only monosyllabic words were used in Experiment 1, however, the question
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remained as to whether the findings could be extended to polysyllabic words, in which
the syllable could also play some role. If the phoneme in Korean were as basic a
representational unit as it is in English, much the same effects should be found in
polysyllabic word pairs as in the English case (Vitz and Winkler, 1973), regardless of the
intervening syllable boundaries.

Experiment 3 thus compared the predictions of similarity based on the phoneme
and on the syilable, using disyllabic CV.CVC real words. Overall, predictions based on
the syllable were more accurate than those based on the phoneme. For example, pairs
such as /ku.san-po.sag/ and /ku.sag-ku.sgk/ were all judged more similar than pairs such
as /ku.san-ko.can/ and /kg.cag-ku.san/. These differences are hard to explain on the basis
of a phoneme count, since all of the above pairs had two phonemes mismatched out of
five (as indicated by underlining); they are easy to explain on the basis of a syllable
count, however, since mismatches in the former types of pairs involved only one syllable
while the latter involved both syllables. The results of Experiment 3 thus suggested that
the syllable plays a more important role than the phoneme in predicting the SSJs of
Korean.

In Experiment 5, we used the CF technique to further compare the phoneme and
the syllable in Korean. A series of CF experiments in English (Jaeger, 1980ab; Jaeger,
1986a; Ohala, 1986) provided evidence for the phoneme as the basic level of
representation, as subjects could easily learn a phoneme-based concept. CF experiments
applied to Japanese (Jaeger, 1980a) and to Taiwanese (Derwing and Wang, in press),
however, showed that the task was much more difficult for speakers of these languages,
suggesting that the phoneme may not be an ideal unit for them. The results of
Experiment SA also showed that a phoneme-based concept in Korean was about as

difficult to learn as in Japanese and Taiwanese. Instead, a concept based on the syllable
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in Korean (Experiment 5B) was the one whose ease of mastery was comparable to a

phoneme-defined concept in English.
In terms of Jaeger’s (1980a) arguments about the basic level of phonological

representation, the phoneme and the syllable in the languages discussed above would be

classified as follows:

T ABLE 4.2. CROSS-LINGUISTIC COMPARISON OF BASIC LEVEL OF
PHONOLOGICAL REPRESENTATION

English Korean Japanese Taiwanese
Super- syllable
ordinate
Basic phoneme syllable syllable (mora) syllable
Sub-
ordinate phoneme phoneme phoneme

Why is there a difference in the size of the basic level between English and the other
languages. including Korean? One possible interpretation might be that the basic level is
closely related to the orthographic systems employed, as Jaeger argued: *“The basic level
of abstraction for conceptualizing the sounds of one’s language is that level which the
writing system captures.” (1980a: 366). In the case of Korean, however, this argument is
not persuasive, because the phoneme receives orthographic support just as clearly it does
in English; in fact, even more so, as the individua! phonemes are much more
systematically represented in the spelling in Korean than in English, where the level of
regular grapheme-phoneme correspondence is much less. (As a sidelight, our Experiment
3 also showed that the phoneme effect was greater when orthographic representations
were provided than when not.)

A second interpretation of our results may be that the basic level in a language

may depend on the complexity of its syllable types. The maximal syllable representation
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in Korean (as in both Japanese and Taiwanese cases) is CVC.! whereas the syllable types
in English can range from a simple V to CCCVCCC. Given even roughly comparable
phonemic inventories. the number of possible syllables is vastly larger in the English
case: in the Korean (and other) cases. however, the relatively small number of syllables
allowed may prescribe a more efficient strategy for utilizing syllables as wholes, rather
than continually breaking down them into their parts.

Yet another possible interpretation is that the syllable may be a basic unit in
Korean because of the relatively clear syllable boundaries involved (Derwing, 1992a). In
English (and perhaps other stress-timed languages), especially those that permit a large
variety of consonant clusters, ambiguous or fuzzy syllable boundaries may make the
syllable less than an ideal unit. In both interpretations, whether (i) simple vs. complex
syllable types or (ii) clear vs. unclear syllable boundaries, the Korean syllable seems to
have some obvious processing advantages over the English syllable, and the present
experiments all provide clear evidence for the prominence of the syllable as the most

basic representational unit in Korean.

4.2. Directions for Future Research

The experimental techniques used in the nre.cnt research proved to be useful
primarily for the following reasons: the results of the SSJ task showed that similarity
ratings were consistent both across subjects and across items of the same types. In other
words, individual subjects’ judgments were stable enough to draw strong conclusions. In
the CF task, although there was greater individual variation, the response measures used
were still sufficiently reliable in that they all pointed to the same conclusion.

The present study, however, still tapped a relatively high level of conscious
analysis of real word stimuli, especially in the CF task, and thus might have incurred

some degree of orthographic influence. One of the remaining questions was thus whether



128

the present results can extend to real-time speech processing. In this section, we will

briefly discuss directions for future research along this line.

4.2.1. Orthographic Aspects

As already noted, an interesting and unique aspect of the Korean orthography is
that individual letters are “packaged” to form syllables. In this syllable-forming rule.
there are two types of vowels: one type, involving a large vertical stroke (e.g., b /af), is
graphically closer to the initial consonant than to the final consonant; the other, with a
large horizontal stroke (e.g..T /u/), is positioned between the two consonant letters and is
thus neutral to this distinction (see Figure 4.1 below). If this orthographic convention
were a significant variable, the relative saliency of the CV over the VC might be different
depending on the types of vowels involved. i.e.. the initial C might be more likely to form
a CV unit with the former type of V than with the latter. Our Experiments 1 and 2,
however, showed that there was no such difference reflected in sound similarity
judgments. Another way to probe this difference might be to measure response time in
visual word recognition. In English, there has been some evidence that subsyllabic unu
such as onsets and rimes (Santa, 1976-7), as well as orthographically defined units
Taft. 1979), facilitate recognition of printed words. It would be interesting to compare
latencies in recognizing the following printed forms:

FIGURE 4.1. COMPARISONS OF PRINTED WORD RECOGNITION IN TERMS OF
VOWEL TYPES AND SUBSYLLABIC UNITS

A B
Type 1 Bl >} 2 VS, K LIRS
/kak/ Kk a k k a k
Type Il X - R V$. K - 5

/kuk/ Kk u k k u k
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In a Type I syllable, response time for A is expected to be faster than B for orthographic
reasons (among others). A more interesting comparison might involve Type II. in which
the vowel is neutral in its orthographic influence. In English, Santa (1976-7) showed that
words were faster to recognize when they were divided into onset and vune (e.g., C AT
than otherwise (e.g.. CA T). Similarly, if response time were still faster for A than B in
Type II above, this would constitute evidence that the body unit in Korean is involved in
visual word recognition. The results might also shed light on whether or not our present

findings on syllable structure can generalize to on-line processing

4.2.2. Statistical Dependency

Selkirk (1982) argued that phonotactic constraints in English provide evidence for
the onset/rime division. In the English syllable, virtually any onset can occur with any
vowel, but there are some collocational restrictions between the vowel and the coda.” In
the Korean syllable, on the other hand, there is neither a phonotactic constraint nor a
phonological rule that refers to the rime, such as stress assignment rule in English
(Selkirk. 1982). In sum, while in English the vowel and the coda are closely related in
various phonological aspects, they are independent of each other in Korean (Yoon,
1994a).

Recently, Treiman (personal communication) pointed out a computer-based
approach to the phonological patterns in the English syllable. She found that the
frequencies of VCs are much more difficult to predict than the those of CVs from
knowing the frequencies of individual phonemes that may occur in CVC syllables. In
other words, what kind of coda can occur often depends on the preceding vowel and vice
versa, whereas the occurrence of an onset and a following vowel are statistically
independent of each other. Interestingly, the results of these statistical analyses of CVCs

are consistent with the general syllable structure conditions in English that involve much
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more complicated syllable types. If we could find an analogous statistical dependency
between the Voand the preceding C in the Korean syllable, it would reveal a great deal
about the differences between the two languages. This statistical approach seems

particularly interesting in that it tests the entire population, in effect, rather than samples.

4.2.3. Target-monitoring Tasks

One of the most frequently used methods to compare the status of the phoneme
and the syllable as a basic representational unit is the target-monitoring task, in which
response time is compared by manipulating targets and target-carrying words. The
previous research in English has provided some mixed results supporting both units (e.g.,
McNeill and Lindig, 1973; Foss and Swinney, 1976). In French, on the other hand, the
technique provided clear evidence in favor of the syllable (Mehler, Dommergues,
Frauenfelder, and Segui. 1981). Follow-up studies showed that speech segmentation
strategies do differ between English and French (e.g.. Cutler, Mehler, Norris, and Segui,
1986); regardless of types of stimuli (e.g., French, English, or nonwords), the syllable
effect was always found for French speakers but it was not for English speakers. These
results strongly suggested that the syllable’s special function in French is language-
specific.

Our present experiments also found evidence that the syllable in Korean is more
basic than the phoneme, unlike English. However, the inherent limitations of this
experiment were that all stimuli were real words and that the experiments tapped only a
relatively high level of processing, leaving us unclear whether the syllable effect could be
found with nonword stimuli. which would provide evidence for the syllable as a
prelexical representation.  Therefore, an interesting and desirable application, in which
the present results might be further strengthened, would be to use nonword stimuli with

response time as a dependent variable, while keeping a comparison between the phoneme
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and the syllable as similar as in the present experiments. For example, Experiment 3
showed that, when the number of mismatched phonemes between the two words was
controlled. the sounds of two disyllabic words were judged more similar when
mismatches were limited to onc syllable only (e.g.. /ku.sag- po.san/) than when
mismatches spread over both syllables (e.g.. /ku.sag-kg.can/). In other words, pairs were
judged more similar when one syllable was perfectly matched than when both syllables
were partially matched. with the number of matched and unmatched segments held
constant. This basic design could also be used in a target-monitoring task with nonword
stimuli. For example. when the stimuli are CV.CYC nonwords, response time might be
faster for VC and CVC targets than V.C targets or CV.C targets. But there would be no
difference expected between V.C and V.CV, if the number of target phonemes were not
important, just as the number of mismatched phonemes was less significant than the
number of mismatched syllables in Experiment 3 here. If the comparable results were
found in a target-monitoring task with nonsense stimuli, this would provide strong
evidence for the syllable not only as the basic level in the sense of Jaeger (1980a) but also

as a prelexical representation in Korean.

4.3. Closing Remarks

Even without these future additions and improvements, however, we have good
reason to believe on the basis of the present studies (and their precursors) that (i) the
Korean syllable is left-branching rather than right-branching (i.e., the body is a more
viable phonological unit than the rime) and (ii) that the syllable is a better candidate for a
basic phonological unit than the phoneme is, both quite unlike the English case.
Moreover, that these results have been confirmed using two widely disparate

experimental techniques attests not only to their underlying validity but also to the value
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of the experimental approach to the answering of otherwise quite indeterminate

theoretical questions.
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Notes to Chapter IV

I Allowances must be made in both Korean and Japanese for syllables beginning with

clusters of the type Cy (i.e., consonant followed by the glide /y/).

2 The sequence Vy+sonorant can only be followed by [+coronal| consonant (e.£.. [paynt/
or /faynd/ but not */paymp/ or */paygk /). whereas the sequence V+sonorant does not

have such constraint. (Selkirk, 1982: 351)
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APPENDIX 1. STIMULI IN EXPERIMENT 1

XXX-XXX = NOMATCHES

147

pan-mat tam-nap mot-pun _____nup-tom
pan-tam tam-pan mot-nup nup-mot
CXX-CXX = ONSET MATCHES _ e
pan-pat tam-tap ___mot-mun nup-nom
pan-pam tam-tan mol-mup nup-not
XVX-XVX = YOWEL MATCHES e
pan-mat tam-nap. mot-pon ~__nup-tum
pan-tam tam-pan mot-nop nup-mut
XXC-XXC = CODA MATCHES e
pan-man tam-nam mot-put nup-top
pan-'3r tam-pam mot-nut nup-mop
CVX-CVX = BODY MATCHES ~
pan-pat tam-tap mot-mon nup-num
pan-pam tam-tan mot-mop nup-nut
rXVC-XVC = RIME MATCHES e
pan-man tam-nam mot-pot ... hup-tup
nan-tan tari-pam mot-not nup-mup
CXC-C¥. - V. ARGIN MATCHES e
pan-pan tam-tam mot-mut ~____nup-nop
pan-pan tam-tam mot-mut nup-nop
CVC-CVC = CONTROLS S
pan-pan tam-tam mot-mot _nup-nup
pan-pan tom-tam mot-mot nup-nup




APPENDIX 2. STIMULI IN EXPERIMENT 2

(NOTE: Two pairs in the shaded columns are the repetitions of the same pair)

CVXP-CVXP = BODY MATCHES WITH {°LACE] MISMATCH IN THE CODA

148

tam-tan

mot-mop

nup-nut

pan-pam

pan-pam

tam-tan

mot-mok

nup-nuk

CVXM.CVXM = BODY MATCHES WITH [MANNER] MISMATCH IN THE CODA

tom-tap

mot-mon

" nup-num

pan-pat

|

tom-tap

mot-mol

nup-num

pan-pal

CvXxB-CVXB = BODY MATCHES WITH [PLACE] AND [MANNER| MISMATCH IN THE

CODA ,
| pan-pap l tam-t3k mot-mom nup-nun N
c
.. _pan-pak J tam-tal mot-motm nup-nul

XPVC-XPVC = RIME MATCHES WITH [PLACE] MISMATCH IN THE ONSET

tam-pam

mot-not

L vemup:

pan-tan

tom-kam

. ‘mot-not -

pan-kan

XV C-XMVYC = RIME MATCHES WITH{MANNER] MISMATCH IN THE ONSET

tam-nam

smot-pot

nup-tup

pan-man

tam-sam

m‘:ot‘—pot

nup-sup

pan-man

XBv(C-XBVC = RIME MATCHES WITH [PLACE] AND [MANNER] MISMATCH IN THE

ONSET
pan-nan Jtem-mam | mottot __aup-pup
pan-san tom-mam mot-sot nup-kup
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XPVXP-XPVXP = VOWEL MATCHES WITH [PLACE] MISMATCH IN IN THE GNSET AND

THE CODA 3
pan-tam tam-pan mot-nop nup-mut
pan-kam tam-kan mot-nok nup-muk

XMyXm_xmyxXm = VOWEL MATCHES WITH |[MANNER | MISMATCH IN THE ONSET AND

THE CODA — —
pan-mat tam-nap mot-pon nup-tum
pan-mal _] __tam-sap mot-pol nup-sum

xByxE.xBv' 3 = VOWEL MATCHES WITH [PLACE} AND [MANNER | MISMATCH IN THE

ONSET AND 5 HE CuDA

tam-mak

mot-tom

nup-kun

tam-mal

mot-kom

nup-sul




XV.CVC-XV.CVC =

APPENDIX 3. STIMULI IN EXPERIMENT 3

C1 MISMATCHES

150

ku.sag-pu.sag

mu.can-nu.can

so.kak-co.kak

ko.tok-to.tok

CV.XVC-CV.XVC = C2 MISMATCHES

co.sag-co.cag

to.cap-to.saf

so.kak-so.pak

so.tok-so.pok

, CV.CVX-CV.CVX = C3 MISMATCHES

€0.531-C0.53K

ca.cay

so.kam-so.kag

co.kam-co.kan: |

XX.CVC-XX.CVC = C1VI MISMATCHES

ku.sag-po.say

€a.Ca1)-53.C31)

ku.pak-to.pak

ca.kap-sa.kan A‘

CH.XVC-CX.XVC = VIC2 MISMATCHES

kn.sag-ko.cag

ko.can-ku.sag

so.kak-so.pak

ku.pak-ko.kak J

CV.XXC-CV.XXC = C2V2 MISMATCHES

€0.Ca1-co.5an

ca.cag-ca.san

to.tuk-to.pok

so.tok-so.kuk

CV.CXX-CV.CXX = V2C3 MISMATCHES

e

ku.sag-Ku.sak

co.cak-co.cag

ko.tok-ko.kuk

ko.tag-ko.tok

XX.XVC-XX.XVC = C1ViC2 MISMATCHES

su.tap-co.cak

€a.530-53.€31

to.tuk-pu.kuk

su.tan-co.kan |

CX.XXC-CX . XXC = Vi1C2V2 MISMATCHES

ku.sag-ko.cag

to.can-tu.san

so0.x4a’- su.tak

ko.tok-ku.kuk

CC.XXX-CC.XXX = C2V2C3 MISMATCHES

po.can-po.sag

to.can-to.sag

ko.tok-ko.kuiy

su.kan-su.tam

XX XXX-XX. XXX = ALL MISMATCHES

ku.sag-po.can

to.can-ku.sag

ku.pak-t0.sag

co.kan-su.tag

CV.CVC-CV.CVC =

CONTROLS

ku.sag-ku.sag

ca.can-ca.caon

so.kak-sokak

ko.tok-ko.tok




TARGETS = a.a

/a.a/

APPENDIX 4. STIMULI IN PRETEST
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pan.hak hap.phan can.kap kan.cag cag.pal
kam.sap cham.cak pan.tal tam.phan chag.cak
fiCa.Ca/
pan.pal pan.pak cag.cak san.sam kam.kak
tam.tagn yar.yak tham.thak mag.mak yag.yak
/aC.aC/
|
I
map.sag hag.sag tag.cag pal.al _pan.ctan »_1!
phan.tan kan.tan kag.tag sar.carp chinpan |
DISTRACTORS
fu.u/
cur.sun chug.pun kun.cuy cug.kuk chul.cup |
mun.mul pul.sun mul.pul kuk.kun kug.cup
chul.pal sun.pak ’ cug.kan tun.thak pun.capg
sun.kan hun.pag ! cun.tan hun.cag pun.pal
fa.u/ i
san.pul ___cag.kun kan.puk hap.suk pal.kul
han.kuk tag.kuk phan.kuk __tan.kun nam.puk




TARGETS = /ky/

APPENDIX 5. STIMULI IN EXPERIMENT 4A
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T1 = Target in Initial syllable

,[ kan.co kam.caj kap.to kam.tog kag.yan
‘ kan.sap kan.ho kan.cap kan.so kan.cu
TF = Target in Final syllable
s&r.kang ye.kam so.kam si.kaq cu.kan
cug.kan mi.kan su.kap po.kag pu.kayg
TC = Target Common in Experiments 4A and 4B
kak.pyal kak.to kak.sag kak.-cog kak.ca
sim.kak. sepn.kak co.kak chag.kak si.kak
DISTRACTORS
DO = Neither /k/ nor /a/
tog.y” cag.sin no.lae cal.tze yan.hon
sin.mun nayg.su te.hwa si.sal sal.myayn
D1 = Onset /k/ o
kon.tog kyap.ham ki.lim kam.so kim.ci
l so.kim pog.kip 1y.kyan cog.kyo si.kol
D = Rime Jak/
Qo TR
__ cagk.sim __pak.su niak.cug cak.sag mak.nz
si.cak so.pak co.cak tog.cak su.pak




TARGETS = /ak/

APPENDIX 6. STIMULI IN EXPERIMENT 4B

TI = Target in Initial syllable
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cak.sim pak.su mak.cug mak.yan cak.ap
___ cak.pyal cak.sag cak.yoq cak.can hak.kyo
TF = Target in Final syllable o
si.cak su.pak co.cak ho.pak __so.pak
to.pak mi.kan su.hak yu.hak te.hak
TC = Target Common in Experiments 4A and 4B B
kak.pyal kak.to kak.sag kak.cop kak.ca
sim.kak. seg.kak co.kak chapg.kak si.kak |
DISTRACTORS
D0 = Neither /k/ nor /a/ o
ton.yo cap.sin no.le cal.tz yag.hon
i
sin.mun nzg.su te.hwa | sisal sal.myan
‘D1 =Coda /k/
cik.cap sok.to suk.ce ! tok.sin chuk.so
s0.tik ca.chuk heeg.pok to.tuk yanlak
D2 = Body /ka/ o
kag.co kam.tog kan.to kan.yan kam.cog
s@n.kan si.kan ye.Kam so.kam cu.kan




TARGETS = /k/

Tl = Target in Initial position [k]

APPENDIX 7. STIMULI IN EXPERIMENT 5A
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kil kam kap kap kam
J _kop __kom kol kup kul |
TF = Target in Final position [k°]
pak mak pyak mak sak
pok ] mok sok puk muk J
TC = Target in Middle position | g
~ ma.kam to.kul sa.kwan po.kam si.kan
[ cr.kim iy.kyan pu.kag so.kyan si.kol
DISTRACTORS
D0 = No velars
pan pap nap non sal
) sol cul cim mom ton
D1 = Velar nasal /o/
pan sag mag cup tig
50.pajg to.marp pu.sag ca.cag su.cap
D2 = Velar stops /K" or /k°/
~ khal khi kol k’um k’ul
| khin.cip kMal.nal kwee.ce k’o.li k'ol.c’i




TARGETS = /kak/

TI = Target in Initial position (kak.-)

APPENDIX 8. STIMUL! IN EXPERIMENT 5B

kak.pysl kak.to kak.ca kak.sa
kak.coq kak.cu kak.o kak.un

TF = Target in Final position (-.kak) o
sim.kak ser.kak ye.kak cag.kak |
sam.kak ho ¥ak co.kak chag.kak

TC = Target in Middle position (-.kak.-)
T

ta.kak.to

sam.kak.ci

kyag.kak.sim

co.kak.ka

sa.kak.mo

hwan.kak.ce

ci.kak.sep

DISTRACTORS

D0 = Neither /k/ nor /a/

_ kak.sag

. kak.pon

so.kak

_si.kak

~san.kak.ca
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sam kak.hyay |  sokak.cag. l

tog.yo cag.sin no.la cal.ta | yap.hon
sin.mun ner.su ma.nil te.hwe | stsal
D1 = Either /k/ or /a/
korn.tog ki.lim can.kyo san.chan ~ ca.cayg
Ku.sag.won ca.can.ka sik.mul.won chapg.sa.cin |  san.ku.ca
D2 = Either /ka/ or /ak/ o
kam.sok kag.to pan.kam mak.te |  canp.mak
kan.ho.won si.kan.phyo yan.mak.than to.pak.sa u.su.cak





































