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Abstract 

This paper examines the validity of the conventional phonological idea that sounds that serve 
a contrastive function are phonemes. Above all, every phoneme is not equal in terms of 
phonological contrasts as evidenced by defective distributions. For instance, the ban of 
syllable-initial velar nasal [ŋ], syllable-final [h], and word-final lax vowels like [ɪ], [ɛ], [ʊ] in 
English and German undermines contrasts of the concerned sounds with others. In this work, 
we try to present a solution to the difficulties resulting from the phoneme-allophone 
dichotomy in light of phonological contrasts. For this purpose, quantitative analyses of 
Korean relying on phonological entropy (uncertainty) are conducted, and the following are 
considered: word-initial laryngeal feature variation such as [s]~[s`], [t]~[t`], [tʰ]~[t], and 
[t`]~[tʰ], an imported consonant [f], the promotion from allophonic to partial-phonemic status 
of [ʃ], the quasi-merger of [e] and [ɛ], and syllable-final neutralization of alveolar obstruent 
consonants from six to three. The findings of our investigation are as follows: First, 
loanwords are apt to exert significant impact on the pattern of contrasts in a first language 
(L1). Second, it is mandatory to view that the cline of contrasts between sounds obviates the 
strait-jacket of phoneme-allophone dichotomy, and that contrasts between sounds in a 
language are constantly in flux. 
 
1. Goals and Assumptions 
In our discussion, we address the switch of laryngeal features involved with obstruent 
consonants, emergent contrastive sounds in the wake of borrowed sounds, and oppositely, the 
attrition of contrasts caused by neutralization in Korean. Borrowed sounds in Korean, via 
loanwords primarily from English, are our main concern. For this purpose, we consider the 
quasi- phonemic status of [f] and [ʃ] in present-day Korean: An imported sound [f] draws 
particular attention in the Korean community and a fair number of people have proposed the 
creation of a scriptural symbol to represent the labiodental fricative sound. On the other hand, 
[ʃ] used to be an allophonic variant of [s] preceding front high vocoids, e.g. /sikan/ [ʃigan] 
‘time,’  /osjəә/ [oʃjəә]  ‘to  come,  honorific.’  However,  under the initiative of loanwords, minimal 
pairs are easily observed, as evidenced by [ʃo] show vs. [so]   ‘cow’,   [ʃain] shine vs. [sain] 
‘cause   of   death,’   and [ʃat’o]   chateau vs. [sat’o]   ‘magistrate.’   Furthermore, Korean is 
renowned for its leniency with coda unreleasedness, that is, the lack of plosivization  
 
*I would like to express my gratitude to Professor Stuart Davis as the host of my stay during the period January 
2012-January 2013 at IU-Bloomington. All errors remain my own. 
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occurring to stop consonants. Among 35,907 nouns in the Sejong Project Corpus, 10,318 
nouns are in the position of aplosivization (Silverman 2010). This measures up to 28% rate of 
neutralization such as p, pʰ,   p’   to   [p˺]; t, tʰ,   t’,  ʧ, ʧʰ, ʧ’,   s,   s’,   h   to   [t˺]; k, kʰ,   k’   to   [k˺]. 
Aplosivization coupled with tripartite contrasts of the Korean obstruent system makes 
Korean phonology unique among human languages. 

 The following assumptions are held in our analysis: first, no lexical stratification will be 
sought after, contrary to Ito and Mester (1995), and instead, phonological patterns governing 
throughout the Korean lexicon as a whole will be pursued. Second, the frequency of surface 
variants of roots rather than conventional lexicon is believed to be decisive in determining 
the degree of contrastiveness (Albright 2008). 

This work is organized as follows: sections 2 and 3 pose the necessity of shifting our 
position concerning the dichotomy of phoneme-allophone, recognizing the gradient nature of 
phonological contrasts. Section 4 presents analytic tool of entropy theory and probes the 
possibility of entropy as a tool for measuring the degree of contrasts. Section 5 attempts to 
handle Korean data like laryngeal feature modification at the syllable-initial position, the 
status of [f] and [ʃ], neutralization at the syllable-final position, and the impact of loanwords 
and neutralizations on phonotactic patterns, and then show that there is never a clear-cut 
distinction between phonemes and allophones. Section 6 discusses the findings obtained from 
the present study. 
    
2. The Issue of Allophonic Awareness 
In pre-generative grammar, the minimal pair test was endorsed as a solid heuristic to 
determine phonemes: when substituting one sound with another makes a difference in 
meaning of words or sentences, the pair of sounds are deemed as phonemes in the concerned 
language, and the two sounds are believed to contrast. On the other hand, subphonemic units 
are never perceived by native speakers, and thus contribute nothing in terms of message 
delivery. Meaning differentiation is crucial in the definition. However, this thread of 
reasoning often incites serious trouble in some way or another. The view that only a phoneme 
is supposed to deliver meaning proves to be empirically incorrect. It is, as seen by the 
challenge termed  “allophonic  awareness” (MacFarland and Pierrehumbert 1991), too strong a 
position. Let us consider the following German examples: 
 

(1)  Kuhchen   [ku:çəәn]   ‘little  cow’ 
       Kuchen    [ku:xəәn]         ‘cake’ 
 
In German the disrribution of [ç] and [x] is predictable and except for this single case, no 
minimal pair exists based on [ç] and [x] distinction: [x] after back vowels and [ç] elsewhere. 
By definition, the distribution of [ç] and [x] is allophonic. Nevertheless, the subphonemic 
phonetic realization in (1) carries out meaning distinction. We bump into a mysterious 
paradox. Likewise, allophonic awareness is also found Korean loanword adaptation. In 
Korean, liquids emerge as [ɾ] syllable-initially and elsewhere as singleton or geminate [l]. 
Thus, the distinction in Korean liquids is defined as allophonic, and it is expected to avoid 
speakers’ awareness. However, as witnessed by (2), this is not true. 
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(2) war  >  [wə]     fry  >  [huɾai] 

wall  >  [wəl]     fly   >  [hullai] 
 

The adapted outcome diverges according to the sources: deleting syllable-final [r] and 
retaining syllable-initial [r] as a flap [ɾ], while retaining syllable-final [l] and geminating [l] 
involved with complex onsets. Obviously, this kind of loanword adaptation is not possible 
without allophonic awareness. 
   To overcome the difficulties involved with the minimal pair approaches, it is mandatory 
to adjust our view on phonological contrasts. As pointed out by Ladd (2006), we need to 
focus on how sounds are perceived by native speakers rather than on the conveyance of 
meaning. German and Korean data in (1) and (2) have allophonic meaning distinction and 
seem to steer us away from adopting the categorical breakdown of phoneme and allophone.  
 
3. Resetting the Principle  “once  a  phoneme, always a phoneme” 
The unstable nature of a phonemic system, furthermore, challenges the phonemic theory 
inherited from the pre-SPE era: “once a phoneme, always a phoneme”. The reasoning that a 
phonemic system is transitory is amply justified. Let us look at loanword phonology in 
Japanese. In the past, Japanese used to show complementary distribution in the sounds [h] 
and [ɸ]. The distribution of allophonic triplets is bilabial voiceless fricative [ɸ] before [u], [ç] 
before [i, j], and elsewhere [h]. However, currently the distribution is shifting, as observed in 
(3): 
 

(3) Near-Minimal Pairs: Japanese borrowed words (Hayes 2009: 57-58) 
       [ɸaito]                  ‘fight’’                      [haiku]    ‘type  of  poetry’ 
       [ɸestibaɾu]   ‘festival’                [hem]     ‘  blunder’ 
       [ʃiəәɸoŋ]               ‘chiffon’                     [hoŋ]         ‘book’ 
 
The emergence of (near-)minimal pairs is thought-provoking. Above all, we can surmise that 
a phonemic system is not hard and fast enough to disallow any adjustment over time. 
Certainly, when the descriptive tradition asserted the principle, “once a phoneme always a 
phoneme”, they meant that the presence of a single minimal pair guarantees the phonemic 
status of relevant sounds. What does matter here is that in a synchronic as well as in a 
diachronic sense, the status of sounds in terms of phoneme-allophone relation is significantly 
unstable and inclined to change. Loanword adaptation is functional as part of the acceleration 
of phonemic transition.  

Another dubious point with the categorical approach to the phoneme-allophone 
relationship is that the contrast garnered from a single minimal pair is treated as being on 
equal terms with those that have abundance of the relevant pairs. Let us look into the 
following mid-vowel instability: 

 
    (4)  Mid-Vowel Instability 
       a. Korean   [seʧʰa]      ‘carwash’     vs.   [sɛʧʰa]      ‘new  car’ 
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       b. Italian            [peska]      ‘fishing’         vs.     [pɛska]   ‘peach’    
       c. French    [ete]    ‘was’         vs.    [etɛ]    ‘summer’   
 
In accordance with Trubetzkoy (1939/1969) in the 1930s, the distinction between higher and 
lower mid-vowels is so frail as to be easily disrupted. In Korean (4a), for a liberal group of 
younger-generation, the distinction between the two kinds of mid-vowels virtually 
evaporated, but the distinction is valid only to a conservative, older generation, as will be 
examined in section 5. Likewise, Italian and French show that the distinction exists only in 
the stressed syllable, as can be observed in the first syllables in Italian (4b) and the last 
syllables in French (4c). With unstressed mid-vowels, the quality of the two kinds of vowels 
is mixed up so as to be indistinguishable in both languages. To what the dilution of mid-
vowels is attributable remains to be determined. What matters here is that the distinction 
among mid-vowels and other sorts of vowels cannot be understood in terms of the dichotomy 
of phoneme-allophone. In our analysis of Korean, it will be shown that a quantitative 
approach is conducive to uncover the specifics of what is happening to Korean mid-vowels. 
   Above all, what compels us to take a quantitative approach is the matter of the partial-
phoneme. 1  To illustrate, Canadian Raising (CR) is a bona fide example (Joos 1957, 
Chomsky and Halle 1968, Halle and Bromberger 1989, Mielke, Armstrong and Hume 2003, 
Idsard 2006, Hall 2009, Pater 2011). 
 
     (5)        [aɪ]/[[ʌɪ]                           [aʊ]/[ʌʊ] 
        pre-voiced     pre-voiceless         pre-voiced        pre-voiceless 

a. rise [raɪz]       rice [rʌɪs]           rouse [raʊz]       mouse [mʌʊs] 
 

b. tribe [traɪb]     tripe [trʌɪp]          cloud [klaʊd]      clout [klʌʊt] 
 

c. riding [raɪɾɪŋ]       writing [rʌɪɾɪŋ]               clouded [kaʊɾəәd]   shouted [ʃʌʊɾəәd] 
 
As one of not so many qualities unique to Canadian English, diphthongs [aɪ] and [aʊ] 
undergo raising before voiceless consonants. The vowel raising in itself is not so unusual, 
considering that, cross-linguistically, vowel shift involving height or backness transition is 
not rare (e.g., the Great Vowel Shift in English, umlaut in German). What really distinguishes 
CR from other phonological operations emerges when it interacts with alveolar flapping, as 
seen in (5c). The data in (5c) has been a battleground for rule ordering debate (e.g., Halle and 
Bromberger 1989 argues for intermediate levels on the basis of the data). Notice the 
counterbleeding relationship between flapping and CR:2 
 
      (6)       riding      writing 

                                           
1 Aside from the partial phoneme, a host of appellations are found in the current or previous phonological 
literature: quasi-phoneme, semi-phoneme, mushy phoneme, opaque allophone, etc. See Hall (2009) for the 
details. 
2 Another complication involved is vowel lengthening in the face of the following voiced consonant. For the 
sake of simplicity, this topic will be skipped in our discussion. 
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                           ʌɪ                CR 
                ɾ          ɾ                 flapping 
              [raɪɾɪŋ]                  [rʌɪɾɪŋ]             output 
 
Again, the phonological opacity resulting from a counterbleeding relationship in itself is not 
remarkable. What is truly intriguing with CR is that the context that triggers the 
neutralization includes the alveolar flap [ɾ]. Toward a solution, Joos (1957) presented the idea 
of phonemic split of the diphthong. The logical ground is that since [aɪ] and [ʌɪ] contrast 
before [ɾ], they are qualified as independent phonemes, even though they are predictable 
except for this single context.  
   We can trace the source of the controversy from the premises mostly shared among the 
structuralist phonologists during the pre-generative grammar era. That is the principle of the 
separation of levels. They believed that every sound is discrete and that their affiliation 
should be specified at the allophonic, phonemic and morphophonemic levels. Coupled with 
the principle of level separation is a biuniqueness condition: “each   sequence   of   phones   is  
represented by a unique sequence of phonemes, and that each sequence of phonemes 
represents a unique sequence of phones” (Chomsky 1964: 80). From the standpoint of 
biuniqueness,   Joos’ approach to the phonemic split gives us only a partial solution. The 
problem is that the English flap has two sources. Two phonemes /t/ and /d/ merge into [ɾ] 
(one violation of biuniqueness) and phone [ɾ] is affiliated with both phonemes /t/ and /d/ 
(another violation). The discreteness of linguistic levels and biuniqueness were rejected by 
SPE, coupled with the elimination of the taxonomic phonemic level as well. However, the 
debate on the phonemic level has recently been reignited. The reason: even though the 
concept of phoneme in the structuralist sense was eliminated, phonemes, de facto, have 
played a central role in the last decades of phonological endeavors (cf. McCarthy 2003, Halle 
1959).  
   Let us move on to the recent debate galvanized by Mielke et al. (2003), claiming that CR 
results from allomorphy rather than from an active phonological phenomenon. In other words, 
the relation between writer [rʌɪɾəәr] and rider [raɪɾəәr], like knife [nʌɪf]/ knives [naɪvz], 
housenoun [haʊs]/ houses [haʊzəәz], is lexically governed, and becoming less productive. The 
upshot is that CR is, de facto, non-existent in Canadian English phonology. The idea that the 
raised pair write [rʌɪt]/ writer [rʌɪɾəәɾ], to the exclusion of ride [raɪd]/ raider [raɪɾəәr], involves 
allomorphy is not useful to solve the puzzle entangled with CR. Allomorphy means that 
concerned alternations are predictable only within specific morphemes. Idsardi (2006) 
opposes the allomorphy analysis on this ground: Contrary   to   Mielke   et   al.’s   observation,  
through his intuition as a Canadian native and Internet survey, he argues that CR is still alive 
and active, considering that ultra-productive ordinal number ith [ʌɪθ],  yth [wʌɪθ]  and  sentences 
like ‘He lied to me’ [hɪ laɪɾəә mɪ] vs ‘He lie to me’ [hɪ lʌɪɾəә mɪ]. It is evident that neither case 
presented by Idsardi is attributable to allomorphy. They are a matter of either productive 
phonological or syntactic regularities. Meanwhile, Hall (2009) observes that examples such 
as like [laɪk] (underapplication CA) and gigantic [ʤʌɪgæntɪk] (overapplication) challenge the 
allophonic distribution of [aɪ] and [ʌɪ]). We think that the existence of conflicting 
observations advocates our contention in favor of intermediate levels in terms of 



6 

 

phonological contrasts, eliminating the dichotomy of phoneme-allophone. 
   Up to now, we have explored the problems arising from categorical conceptualization of 
phonological units in dealing with Korean and Japanese loanword adaptations, the positional 
sensitivity of mid-vowels, and partial contrast represented by CR. In the following sections, 
we will be concerned with the quantification of phonological contrast in Korean under the 
framework of Information Theory, Entropy Theory in particular.  
4. Predicting Contrasts under Entropy Theory 
In Information Theory (originated by Shannon and Weaver 1949), entropy was proposed to 
measure “the minimum average number of binary digits per symbol which will serve to 
encode   the   messages   produced   by   the   source”. Technically, entropy is defined as part of 
binary relationships—to what extent we can be certain about which of the two units is likely 
to occur. It is here that the concept of entropy is analogous to the degree of contrasts among 
segments in a language. Since entropy concerns the probability of a particular unit in a 
specific context, the idea is readily converted into phonological contrasts. In our exploration 
of   Korean   segmental   contrasts,   we   will   rely   on   Hall’s   (2009)   idea   that   entropy   means  
“uncertainty” with respect to segmental occurrences at a specific position, focusing on two 
points presumed by Hall (2009). First, entropy is interpreted in a strict binary sense, i.e., 
between two segments at hand. Second, the values of entropy range from 0 to 1, and higher 
entropy values mean a higher level of uncertainty or unpredictability of the occurrences, that 
is, a higher level of contrast, and vice versa. The logic behind the connection between 
entropy and phonological contrasts involves the presumption that  “the  more  uncertain  in  the  
choice between two sounds in a given environment, the more attention language users will 
pay   to   the   sounds   in  question”   (Hall  2009).  This idea challenges the conventional one that 
phonemes have a maximum degree of contrast because of (partial or complete) overlapping 
distribution while allophones keep a minimal degree of contrasts due to complementary 
distribution. The bottom-line is that the following two kinds of constructions are not to be 
handled by the binary approach to contrasts: 
 

(7) a. Basically contrastive but neutralized, e.g., English flapping 
b. Basically allophonic but with a few contrasts, e.g., Canadian Raising 
 

In neither case can we avoid partial overlapping distribution and, for this reason, instead of 
conceiving of categorical phoneme vs. allophone, we can conceive of a cline in terms of 
contrast. Technically, it is believed that the probability of segmental types or tokens has a 
non-linear relationship with the probability of occurrences. As verified by the diagram 
(Figure 1), starting from probability 0 up to probability 0.5, entropy and probability are 
(semi)-linearly proportionate. However, when probability is above 0.5, the relationship 
between entropy and probability is inversely proportionate. A null hypothesis is that the 
probability of, for instance, [t] and [d] in #___V in English would be 50%. This means that 
the entropy between the two elements maxes out at 1.0 and the presence of each is totally 
unpredictable; thus, their contrast is overwhelmingly robust. Adversely, in the context of 
V__#, for the pair [h] and [t], the probability of [h] is 0 and [t] is perfect: the entropy is 0. 
The nil value of entropy 0 also occurs in the context of perfect allophonic distributions like 
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English aspiration (0 * 1 + 0 * 0 = 0). In this way, when we replace the notion of contrast 
based on the dichotomy by the idea of entropy, the intermediate levels of contrasts can be 
salvaged. To be sure, entropy is expected to prevail over phoneme-allophonic dichotomy to 
represent phonological contrasts.  
 
 
                 1.0 

 

 

 

               0.5 

 

 

          

 
 0.0             0.5          1.0 

                       Probability 
         Figure 1. Parabolic Projection of Entropy vs. Probability 
 
To be more specific, to derive the entropy values of two segments in a certain context, Hall’s  
formula (8), postulated for entropy calculation, will be adopted: 
 
     (8)  A Formula for Calculating Entropy (Hall 2009) 
         H(e) = - 6 pi log2 pi  (e=entropy, p=probability) 
 
Let us give an illustration for entropy calculation, using Canadian Raising. According to 
Hall’s  estimation  from   the CELEX corpus, 96% of CR is predictable, while 4% is not. The 
entropy can be obtained by the calculation H(e)= -6 0.96i log2 0.96 + -6 0.04i log2 0.04 = 
0.96 * 0.0589 + 0.04 * 4.6438 = 0.0559 + 0.1776 = 0.2335. The value 0.2335, to some extent, 
matches our observation that CR is quite predictable. 

Now, there is one thing missing in the entropy values produced by formula (8). The 
formula needs to be weighted by the frequency of words occurring specific to each 
environment. Hypothetically, let us look at two CR environments, e.g., 35% of the data are 
__[voiceless] and rest of them are __[voiced]. It is believed that these two environments 
compete with each other. To reflect this idea, a formula for calculating entropy is extended 
like this: 
 

(9)H = - 6 H(e)  p(e) (H: overall uncertainty, p(e): probability of each environment) 
 

In current hypothetical case, entropy between [aɪ] and [ʌɪ]__[voiceless] context is: H= (-
60.96log2 0.96 + 0.04log2 0.04 )*0.35 =0.0819. This means that the uncertainty regarding 

Entropy 
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[aɪ] and [ʌɪ] in Canadian English is absolutely low and thus one option (here [ʌɪ] prevails) is 
nearly always predicted. This result is in accordance with our impression that except for a 
flapping environment, the raised diphthong [ʌɪ] appears all the time.  

Another thing to be clarified at this point is whether the entropy value is based on a type 
or token frequency. In our study, we consider both at the same time.3 For our analysis, data 
from the Sejong Project Corpus, Choi (2002), Silverman (2010) will be explored. 
 
5. Korean Data 
5.1 Laryngeal variants 
Consideration of the probability of a particular unit in a specific context is the most important 
tenet of entropy theory. This stochastic approach has been proposed as a solution to one of 
Achilles’ heels involved with standard OT grammar. That is, in the spirit of SPE, standard OT 
has not been able to deal with gradient grammaticality, as refuted by Keller and Asuden 
(2002). Thus, as noted in Table 1, when we are loyal to the creed of “once a phoneme, always 
a phoneme”, each consonant pair established on the basis of laryngeal feature distinctions 
holds equal values of probability or entropy, i.e., uncertainty: 
 

 phoneme/allophone dichotomy approach 
probability/1st probability/2nd entropy  

s ~ s’ 0.5 0.5 1 
t  ~  t’ 0.5 0.5 1 
t ~ tʰ 0.5 0.5 1 
t’  ~ tʰ 0.5 0.5 1 

Table 1. Probability vs. entropy under phoneme/allophone dichotomy 
 
Here let us briefly describe the corpus and analytic software on which we primarily depended 
for Korean data. We use the Sejong Project Corpus 2009, which was built under the 21st 
Sejong Project launched by National Institute of the Korean Language. For the purpose of 
searching and analyzing the retrieved data stored in the corpus, we employed the software 
Hanmaru 2.0 revised in 2011. Among the available data, for the most part, we used oral data 
under the assumption that written data is conservative and thus apt to distort what is really 
happening in the linguistic reality, in particular in the matter of tensification of word-initial 
consonants.  
   Let us begin addressing the corpus data with the distribution of laryngeal features at the 
word-initial position, focusing on alveolar obstruents. Among the total 811,017 words (root 
plus postpositions or inflectional suffixes) examined, the following statistical data was 
obtained (displayed in Table 2 and Figure 2). 

 entropy approach 

                                           
3 More often than not, when type and token frequencies are significantly conflicting, that is, their relative 
frequency against the counterparts shows a distant gap, non-arbitrary standards for choosing among the two 
options are hard to find. For that reason, both types of statistics will be considered simultaneously in our paper.  
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plain/token plain/type tense/token tense/type entropy/token entropy/type 
s ~ s’ 0.9095 0.9237 0.0905 0.0763 0.4382 0.4585 
t  ~  t’ 0.7573 0.7720 0.2427 0.2280 0.7987 0.7745 
t ~ tʰ 0.8916 0.6838 0.1084 0.3162 0.4951 0.9003 
t’  ~ tʰ 0.7250 0.3898 0.2750 0.6102 0.8486 0.9646 

Table 2. Probability (left 4 columns) and entropy of Korean alveolar obstruents: overall 
 

 
Figure 2. Entropy for word-initial alveolar consonant pairs: overall 

 
When we translate the concept of phonological contrasts into the values of entropy, the 
following findings are within our reach. Most of all, the entropy approach illuminates the fact 
that the predictability of phonemic pairs, without exception, is less than perfect. The values 
of entropy interpreted as predictability or uncertainty of distinction within a specific pair are 
full of whims among the pairs, unlike the even values of traditional phoneme-allophone 
dichotomy, as graphically described in Figure 2. The increases and decreases of entropy 
values represent the range of variation of contrast, which manifests the intermediate levels 
between phonemic and allophonic levels. This is the primary benefit of the entropy analysis 
of sound contrasts. In our analysis, the pairs [s/s’](token and type) and [t/tʰ] (token) show low 
levels of entropy, which means that their distinction is relatively easily recognized. In other 
words, in the parlance of phoneme and allophone categorization, the two pairs are in near-
allophonic relations.4 When we separate loanwords from the other components of Korean 
lexicon, the fluctuation shown by the alveolar pairs in loanwords alone is not the same as the 
overall pattern in Table 2.5  
                                           
4 It is uncertain what is responsible for the skewed distributions among token and type entropy in the t/tʰ pair. 
5 Hayes and Wilson (2008) exclude loanwords (‘exotic’ in their terms) from the consideration of phonotactic 
algorithms. We think it is not a good idea to exclude loanwords from the calculation of entropy, considering that 
loanwords persistently meddle with entropy values among sounds in a concerned language.  
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  entropy approach 
plain/token plain/type tense/token tense/type entropy/token entropy/type 

s ~ s’ 0.6875 0.7192 0.3125 0.2854 0.8961 0.8583 
t  ~  t’ 0.8630 0.9098 0.1370 0.0902 0.5764 0.4372 
t ~ tʰ 0.3008 0.4727 0.6992 0.5273 0.8822 0.9979 
t’  ~ tʰ 0.06400 0.0863 0.9360 0.9137 0.3367 0.4240 
Table 3. Probability (left 4columns) and entropy of Korean alveolar obstruents: loanwords  
 

 
Figure 3. Entropy for word-initial alveolar consonant pairs: loanwords 
 

When it comes to the discordance between the overall pattern (Table 2, Figure 2) and 
loanwords (Table 3, Figure 3), diverse speculations are available. First and foremost, we can 
say that the disparities appear to reveal the quintessential nature of constant flexibility of 
segmental contrasts. Scarcely can we expect an evenly distributed regular curve across the 
boundaries between native and borrowed items. We can also say that, cross-linguistically, 
aspiration (e.g., English, German, Korean) and non-aspiration (e.g., French, Russian, 
Japanese) languages are dependent on the presence or absence of aspiration. This means that 
the distinction based on laryngeal features is easy to drop and add when one language 
borrows from another. Next, let us turn our attention to a new contrastive sound [f], 
apparently triggered by loanwords. 
 
5.2  Surge of [f] as a quasi-phoneme in Korean 
From the outset, embracing loanwords in the calculation of entropy has been one of our basic 
premises, ruling out the lexical stratification supported by Ito and Mester (1995). The 
plausibility of this thread of reasoning is bolstered by the emergence of a sound pattern 
triggered by loanwords. Among the controversies derived from Korean loanwords, the status 
of labial fricative [f] is part of a heated debate. As illustrated below, the consonant came into 
being in contemporary Korean by way of an influx of loanwords: 
 
(10) a. Loanwords vs. natives 

fine [fain]  vs.  [pʰain]  ‘to  be  dug  out’         fan [fɛn]  vs.  [pʰɛn]  ‘to  have  beaten’ 
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   b. Loanwords vs. loanwords 
file   vs.  pile       fan   vs.  pan        free   vs.  pre-      
face  vs.  pace       faint  vs.  paint      fair   vs.  pair 
 

Loanwords beginning with [f], mostly from English, make available the minimal pairs 
enumerated above between loanwords and native words as well as loanwords in themselves,  
even though variation between [f] and [pʰ] takes place. The status of [f] as a non-negligible 
segment in Korean can be confirmed by the value of entropy. Let us compare [f] and its 
voiced counterpart [v]. According to the statistics obtained from the survey employing 210 
native Seoul Korean speakers by Choi (2002), the rate of loanwords in which the 
pronunciation of [f] is intact measures up to 13.09%, while with the voiced fricative [v], the 
rate drops dramatically to 0.72%. When the probability turns into entropy, as shown by Table 
4 and Figure 4, the distinction between the two sounds all the more prominent: 0.5110 vs. 
0.0615. This means that with [f] the predictability rate is comparable to regular Korean 
consonants, whereas with [v] the predictability is overwhelming and, thus, the output is 
nearly always predicted to be adapted as [p], as given below:  
 

 probability calculation for entropy value of entropy 
f ~ pʰ 0.1309 2.9335*0.1309 + 0.2040*0.8691 0.5110 
v ~ p 0.0072 7.1178*0.0072 + 0.9928*0.0104 0.0615 

Table 4. Probability and entropy of [f] and [v] in Korean 
 

 
 Figure 4. Entropy of f/pʰ and v/p in Korean (probability data from Choi (2002)) 
 
In this sense, [f] in Korean is a prominent example as a yardstick to measure the impact of 
imported sounds on the rest of native sounds. Then, let us consider Korean front mid-vowels 
[e] and [ɛ] to reveal the property of positional sensitivity of phonological contrasts. 
 
5.3  Coalescence of /e/ and /ɛ/ in Korean  
As early as the 1930s, as addressed by Trubetzkoy (1939/1969), and mentioned in section 1, 
confusability or coalescence among mid-height vowels is cross-linguistically common, as 
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observed in Korean variation ( e.g., [nue] ~ [nuɛ]  ‘silkworm,’  [ke]  ~  [kɛ]  ‘dog’). According 
to the production test among 210 Korean speakers by Choi (2002), the distinction among 
mid-vowels sharing the same backness reveals itself at quite a low level. For the most part, 
they are not readily distinguishable to Korean speakers’  ears. Another thing is that they show 
the sensitivity to the posited syllable. The rate of distinction proves to be significantly higher 
in the first syllable including monosyllabic words (22.38%) and 3.75% with the second 
syllable (cf. boxplot representation Figure 9 in Appendix). The values of entropy appear as 
0.7667 vs. 0.2306. This means that the distinction among front mid-vowels is unlikely to be 
salient in the non-initial syllables, as noted in Table 5 and Figure 5. 
 

 probability calculation for entropy value of entropy 
e ~ ɛ (1st syllable) 0.2238 0.2238*2.1597 + 0.7762*0.3655 0.7667 
e ~ ɛ (2nd syllable) 0.0375 0.0375*4.7370 + 0.9625*0.0551 0.2306 
Table 5. Probability and entropy of front mid-vowels 
 

 
 Figure 5. Entropy of front vowels in the first and second syllables 
 
Next, let us consider the asymmetry between word-initial and word-final positions arising 
from the neutralization specific to the word-final position, and its implication to phonological 
contrasts. 
 
5.4  Attrition of the inventory of root-final obstruents in Korean  
In contrast to the word-initial position, the word-final position is well known to be subject to 
neutralization, as evidenced by Beckman (1998), Steriade (2001), and others. In particular, 
Korean is well known for allowing neutralization at the syllable-/word-final position. The 
lion’s share of neutralization at a perceptibly unfavorable position is due to the bypassing of 
the release gesture in obstruent articulation, dubbed as aplosivization by Silverman (2010). 
Two values of labials (p, pʰ) reduce to [p˺], six values of alveolars [s, s’, t, tʰ, ʧ, ʧʰ] to [t˺], 
three values of dorsals [k, k’, kʰ] to [k˺]. On top of that, [h] joins the neutralization to [t˺], 
when it comes at the syllable-final position. In this study, in parallel with other pairs at the 
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word-initial position, we will focus on alveolar consonants. The tense series [s’, t’, ʧ’] are 
unattested in Korean nouns at the syllable-final position. Our imminent concern is to draw 
the entropy values of the alveolar consonants at the perceptibly unfavorable syllable-final 
position, and compare the values obtained with the oppositely perceptibly favorable word-
initial position. One caveat is in order. As was the case with Albright (2008), Silverman 
(2010), and Jun (2010), it is inevitable to confine the target tokens or types to those 
belonging to the nominal category, considering that except for nominal category, lexical 
items in Korean are obligatorily accompanied by suffixes. The data used are drawn from the 
Sejong Project Corpus. The stochastic data and entropy are shown in Table 6 and Figure 6: 
 

 1st/token 1st/type 2nd/token 2nd/type entropy/token entropy/type 
s ~ t 7271/0.9992 455/0.9993 6/0.0008 3/0.0007 0.0835 0.0703 
s ~ ʧʰ 7271/0.7337 455/0.7222 2642/0.2663 175/0.2778 0.8362 0.8524 

s ~ ʧ 7271/0.9096 455/0.9660 523/0.0904 16/0.0340 0.4277 0.6449 
s’  ~ tʰ 7271/0.8248 455/0.8140 1544/0.1752 104/0.1860 0.6695 0.6931 
t ~ t’ 6/1.000 3/1.000 0 0 0 0 
t ~ tʰ 6/0.0039 3/0.0280 1544/0.9961 104/0.9720 0.0870 0.1843 
t’~ tʰ 0 0 1544/1.000 104/1.000 0 0 
Table 6. Probability and entropy of alveolar obstruents: word-final 
 

 
 Figure 6. Entropy of alveolar obstruents: nominal word-final 
 
Since the probability of the tense series [s’,  t’, ʧ’] is zero at the nominal word-final position, 
in accordance with formula for calculating entropy, the values of entropy with the pairs [s/s’,  
t/t’,  t’/tʰ] come out as zero. In terms of token frequency, an overwhelming number of nouns 
end with the frequency order [s, ʧʰ, tʰ]. On the contrary, the [s/t] and [t/tʰ] pairs are negligibly 
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rare.6 This result obtained from entropy values confirms the observation of Albright (2008) 
and Jun (2010) that the frequent attestation of [s, ʧʰ, tʰ] ending roots in Korean inflectional 
paradigms is influenced by the overwhelming frequency of lexical roots ending with relevant 
consonant forms, as observed in (11).  
 
(11)  /naʧʰ-ɨl/  ‘face,  objective’  [naʧʰɨl] ~ [natʰɨl] ~ [nasɨl],  

/supʰɨl/  ‘forest,  objective’  [supʰɨl] ~ [supɨl] 
     /puəәkɨl/  ‘kitchen,  objective’  [puəәkʰɨl] ~ [puəәpɨl]7 
 
The emergence of the consonants [tʰ, s, p] in (11) is made possible under the influence of the 
frequent realizations of the nominal forms possessing relevant consonant endings. 
 Finally, the asymmetry in terms of entropy values in accordance with contexts calls our 

attention. For the sake of simplification of discussion, let us focus on the case of [t] and [tʰ] 
on the basis of the discussion given in section 5.1 and the current section. As depicted 
below, it is obvious that the phonological contrasts translated into entropy values nicely fit 
with the conventional observation in favor of privilege given to word-initial position.  
 

 
 Figure 7. Positional entropy discrepancies between word-initial and word-final: t and tʰ 
 
Again, let us consider the issue of promotion of an alveopalatal fricative [ʃ] into a regular 
phoneme in Korean and its implication onto our current concern. 

                                           
6 A couple of points are dubious upon examination of the corpus. First, the [s/ʧ] pair shows significant 
discrepancy between token and type frequencies. Another point is that the [s/ʧ] contrast is moderately high but 
its realization in the inflectional paradigm does not meet our expectation.  
7 For the simplification of explanation, we ignore the intervocalic voicing of [p].  

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

token type

w-initial
w-final

entropy 



15 

 

5.5  Promotion of [ʃ] from allophonic to phonemic 
In Korean, the alveopalatal fricative [ʃ] appears as an allophone of [s] in the context of the 
front vowel [i] or glide [j]. As with the case of [f], it is suspected that the influx of loanwords 
exerts influence on its status in Korean phonology. In spite of the paucity of the contrastive 
data, the following minimal pairs between loanwords vs. native words, and intra-loanword 
minimal pairs are frequently observed.  
 
(12)  a.Loanwords vs. natives 
   show [ʃo]  vs.  [so]  ‘cow’                     shine [ʃain]  vs.  [sain]  ‘cause  of  death,’ 
   chateau [ʃat’o]      vs.  [sat’o]  ‘magistrate’ 
 
      b.Loanwords vs. loanwords 

sock [s’ok]      vs.  shock [ʃok]          sour  [s’auəә]    vs.   shower [ʃauəә] 
sign  [s’ain]      vs.  shine [ʃain]          single  [s’iŋgɨl]  vs.   shingle [ʃiŋgɨl] 

   same [sɛim]  vs.  shame [ʃɛim]                        safe  [s’eipʰu]   vs.   shape [ʃeipʰu] 
   soul [soul]  vs.  showl [ʃoul]          cell [sel]      vs.    shell [ʃel]  
 
For the purpose of examining the extent of loanword impact on Korean phonology, we rely 
on the Sejong Project Corpus. As a sampling, we chose three type of word-initial syllable: 
#___o, #__u, #__a. The following values of probability and entropy are obtained: 
 

                   probability entropy 
 token type token  type 

ʃo ~ so 68/0.0181 3680/0.9819 14/0.0528 251/0.9472 0.1307 0.2982 

ʃu ~ su 118/0.0148 7872/0.9852 31/0.1131 243/0.8869 0.1112 0.5091 

ʃa ~ sa 66/0.0400 16602/0.9600 16/0.0335 462/0.9665 0.2388 0.1690 

average  0.1599 0.3254 

Table 7. Probability and entropy of alveopalatal fricavive [ʃ] and [s] 

 
Figure 8. Entropy of [ʃ] and [s] 
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Once again, as the case with the labiodental fricative [f], the values of entropy associated 
with [ʃ] show us that the alveopalatal fricative does not remain as a mere allophone but the 
consonant promotes or is in the midst of promoting, to the higher-level of phoneme. 
 
6. Concluding Remarks 
Our examination of Korean data leads us to be skeptical about the phoneme/allophone 
dichotomy as a means of demonstrating phonological contrasts. Instead, our new analysis of 
Korean proves to fit nicely with the entropy approach in the sense that phonological contrasts 
are sensitive to the concerned contexts. The positional disparities of Korean alveolar 
obstruents between word-initial and word-final positions, and front mid-vowels represent 
inter-phonemic variations in terms of phonological contrasts. On top of that, the ascendancy 
of [s] and [ʧʰ] in the middle of non-initial syllable alternation found in inflectional paradigms 
seems to reveal that the variation among alveolar obstruents [t, tʰ,  t’,  ʧ, ʧʰ, ʧ’,  s,  s’] results 
from the influence of word frequency, and accordingly, phonemic contrasts are modified. 
Once again, two conventional criteria of contrastiveness (13) solidified by the biuniqueness 
condition and adhered to by pre-generative phonologists, should be reconsidered, as refuted 
by Chomsky 1964: 
 
(13) a. Predictability: phonemes are unpredictable whereas allophones are predictable 

    b. Lexical distinction: phonemes but not allophones make a difference in lexical 
distinction.  

 
Another point is that to properly represent phonological contrasts, it is necessary to 
incorporate newly added borrowed sounds. The allophonic awareness about liquid 
consonants [l] and [r], an alveopalatal fricative [ʃ], and a labiodental fricative [f] as an 
emerging phoneme in Korean awaken us that allophonic differences are not merely elusive 
of our phonological consciousness. The contrast degrees among them are quite predictable 
and our position in favor of a quantitative approach to phonological contrast is firmly 
supported. All in all, the emergence of partially contrastive sounds introduced by loanwords, 
neutralization of consonants, and the alternation of the root-final consonant inventory 
involved in Korean inflectional paradigms shows that there is a mobility of phonological 
contrasts, and seems to indicate that the legacy of taxonomic phonemes, “once a phoneme, 
always contrastive”, should be reinvented towards a new horizon.  
 
Appendix 

 Entropy approach 
1st/token 1st/type 2nd/token 2nd/type entropy/token entropy/type 

s ~ s’ 56941/0.9095 2277/0.9237 5665/0.0905 188/0.0763 0.4382 0.4585 
t  ~  t’ 52727/0.7573 904/0.7720 16896/0.2427 267/0.2280 0.7987 0.7745 
t ~ tʰ 52727/0.8916 904/0.6838 6410/0.1084 418/0.3162 0.4951 0.9003 
t’  ~ tʰ 16896/0.7250 267/0.3898 6410/0.2750 418/0.6102 0.8486 0.9646 

Table 8. Frequency/probability and entropy of Korean word-initial alveolar consonants: 
overall 
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 Entropy approach 

1st/token) 1st/type 2nd/token 2nd/type entropy/token entropy/type 
s ~ s’ 2424/0.6875 313/0.7192 1102/0.3125 125/0.2854 0.8961 0.8583 
t  ~  t’ 781/0.8630 121/0.9098 124/0.1370 12/0.0902 0.5764 0.4372 
t ~ tʰ 781/0.3008 121/0.4727 1815/0.6992 135/0.5273 0.8822 0.9979 
t’  ~ tʰ 124/0.06400 12/0.0863 1815/0.9360 135/0.9137 0.3367 0.4240 

Table 9. Frequency/probability and entropy of Korean word-inital alveolar consonants: 
loanwords 
 

 
Figure 9. e~ɛ contrast/neutralization:   probability   of   contrast   based   on   Choi’s   (2002)  
experiment 
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