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A Bayesian Account of Loanword Adaptations

Iverson  and Lee 2004 provide  a  survey  of  the  modifications  of  foreign  words  when  the  words  are
borrowed into Korean.  They document  further  the well-known fact  that  final  [t]  in English words is
adapted in multiple ways, as shown in (1) (see also Sohn 2001 and Kang 2003).

(1) a. adapted as /th/ English 'cut'  ==>  Korean [kh th ]ə ɨ
English 'net'  ==>  Korean [n th ]ɛ ɨ

b.  adapted as /s/ English 'internet' ==> Korean [inth n tl, [inth n s l]ə ɛ ə ɛ ɨ obj.
English 'Hamlet' ==> Korean [h mnit], [h mnis l] ɛ ɛ ɨ obj.

They also note that the patterns in (1) do NOT follow English statistics for stop release, (2).

(2) "Paradoxically, final coronal stops are released the least often in English yet are the stops most
frequently adapted with an epenthetic vowel in Korean." (Iverson and Lee 2004)

Although it is possible for Korean morphemes to end in /t/, e.g. /nat/ 'cereal grains'  (Sohn 1999:165),
there  are  very  few morphemes  of  this  sort.  It  is  this  statistical  fact  that  we seek  to  connect  to  the
borrowing patterns in (1). First, however, we will consider two recent Optimality Theory accounts of the
postulation of underlying forms from surface forms: Lexicon Optimization (Prince and Smolensky 2004
= P&S) and Free Rides (McCarthy 2004).  The definition of Lexicon Optimization is given in (3).

(3) "Suppose that several different Inputs I1, I2,...,In when parsed by a grammar G lead to
corresponding outputs  O1, O2,...,On, all of which are realized as the same phonetic form  --Φ
these inputs are all phonetically equivalent with respect to G. Now one of these outputs must be
the most harmonic, by virtue of incurring the least significant violation marks: suppose this
optimal one is labelled Ok. Then the learner should choose, as the underlying form for , theΦ
input Ik." (P&S: 225-6)

Combined with  Richness  of  the  Base  ("all inputs  are  possible  in all  languages"  P&S:  225) Lexicon
Opimization ensures that learners "will always choose lexical forms that can receive faithful parses given
their language's syllable inventory" whenever possible (P&S: 227). That is clearly not the case in (1b), as
/s/ unfaithfully maps to [t], though /t/ is available. Therefore Lexicon Optimization cannot account for
(1).

Recently,  McCarthy  2004  has  addressed  some of  the  problems  with  Lexicon  Optimization  and  has
proposed the Free Ride Principle in (4) as a replacement.

(4) “I will propose a learning principle according to which learners who have discovered the /A/ ->
[B] unfaithful map from alternations will attempt to generalize it, projecting /A/ inputs for all
surface [B]s, whether they alternate or not. In other words, the nonalternating [B]s attempt to
take a free ride on the independently motivated /A/ -> [B] map.” (McCarthy 2004:1)

The problem in Korean is that there are too many free rides. All of /t th t' s s' c ch c' h/ will neutralize to
[t]  word-finally  (though  attestations  for  the  tense  consonants  are  lacking).  Nevertheless,  learners
certainly have examples of /A/ -> [t] unfaithful mappings for /th s c ch h/, as in (5).

(5) a.  [nat]: < /nath/ 'piece, unit'; < /nas/ 'sickle'; < /nac/ 'daytime'; < /nach/ 'face'
b. [hi t]: < ɨ /hi- h/ the name for the letter (Sohn 1999: 165)ɨ



By itself, the Free Ride principle is not enough to account for the adaptation of loanwords, as it offers no
way to predict which Free Ride the learner will take.

We  offer  instead  an  analysis-by-synthesis  account  based  on  Bayesian  statistical  principles,  with  a
minimum of assumptions. Bayes's rule is given in (6a), its application to the present problem using the
McCarthy 2004 quote as a background is given in (6b).

(6) a. p(A|B) = p(B|A) * p(A)/p(B)
b. p(/A/ | [B]) = p([B] | /A/) * p(/A/) / p([B])

(6b) says that  the  probability  of choosing /A/  given that  the learner hears  [B]  is  proportional  to the
probability that the learner would pronounce [B] from /A/ (this is the analysis-by-synthesis part) and the
probability of /A/, either derived from existing statistics over the lexicon, or in the absence of a lexicon
(i.e. in the earliest word-learning), from general principles of markedness of UR's (contra Richness of the
Base).  Given a set  of alternative hypotheses /A1/,  /A2/,...,/An/,  the learner  would calculate odds ratios
based on the application of (6b) to each hypothesis. The hypothesis space of interest here is the set of
possible UR's given final [t]:  /t  th t'  s s'  c ch c'  h/. For these cases p([t]|/Ai/) is 1 (they all would be
pronounced as [t]  in final position),  and so the expression p(([t]  | /Ai/)  will  cancel  out  in each case.
Likewise, since p([t]) is constant across the hypothesis space, it will also cancel out, so the answer to the
equation is p(/Ai/)/p(/Aj/), as shown in (7).

(7) p(/Ai/|[t]) / p(/Aj/|[t]) = [p([t] | /Ai/) * p(/Ai/) / p([t])] / [p([t] | /Aj/) * p(/Aj/) / p([t])]
= p(/Ai/) / p(/Aj/)

Bayesian leaning thus says the odds in choosing an underlying form should favor the most probable form
given the existing lexicon.  In this  case,  Korean morphemes with  final  /s/  are  much more numerous,
therefore p(/...s#/) >> p(/...t#/), and therefore final /s/ should be favored over final /t/. However, the odds
ratio idea suggests frequency matching as a general strategy, similar to animal foraging behavior and
many other animal  learning problems (Gallistel  1990: 351-2).  Thus we expect  variation in loanword
adaptation, which in the limiting case (i.e. without other interfering factors) should match the existing
lexical statistics for the learner. Obviously, to test this prediction, we need to carefully examine statistics
about the Korean lexicon. Given the Bayesian account, principles like Lexicon Optimization and Free
Rides are completely superfluous.
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