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THE PROBLEM

• recognize language learners

• tolerate non-native speech

• consider proficiency

• separate recognition from evaluation
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HIDDEN MARKOV MODELS

• states: Q = {q1q2 . . . qN}

• transition probability matrix: Aij

• observation likelihoods: bi(ot)

markovgen.eps

Figure 1: Markov Model
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OBSERVATION LIKELIHOODS

• Simple Observation Likelihood for state j:

bj(ot) = N (ot;µj,Σj) (1)

• N (·;µ,Σ) multivariate Gaussian

• µ mean vector

• Σ covariance matrix
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MIXTURES

• Theorem 1. A Linear combination of independent
normally distributed random variables is normally
distributed

• observation likelihood for state j:

bj(ot) =
M∑
m=1

cjmN (ot;µjm,Σjm) (2)

• M number of mixture components

• cjm weight of m’th mixture
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MERGING

• English observation likelihood from state i

ei =
M∑
m=1

cimN (ot;µim,Σim)

• Korean observation likelihood from state j

kj =
L∑
l=1

djlN (ot;µjl,Σjl)

• 
ei ⊕ kj(ot) =

∑M+L
n=1 gnN (ot;µn,Σn)

gi = u ci∑M+L
n=1 cn

u = w if Korean mixture
u = 1− w otherwise

• u language weight
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CONFUSION MATRIX

• make phone state map

• Korean forced alignment

• English phone-loop alignment

• make confusion matrix with results

• normalize matrix entries

• use matrix entries as mixture weights
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