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Abstract 
We report six experiments on learnability of four non-adjacent phonotactic con-
straints which differ in their attested frequency and phonetic conditioning factors; 
liquid harmony, liquid disharmony, backness harmony, and backness disharmony. 
Our results suggest that such phonotactic constraints can be implicitly learned from 
brief experience and that learnability of a phonological grammar may be independ-
ent of its attested frequency and phonetic basis.  

Introduction 
The phonological structures of language are partly shaped by phonetic proc-
esses. For example, assimilation is attributed to undershoot and overlap of 
articulatory gestures (Browman & Goldstein 1992; Ohala 1990). Learnabil-
ity is another source of constraint: sound patterns become grammaticized 
only to the extent that they define robust generalizations over the lexicon 
that are learnable from the speech environment (Bybee 2001). Thus, we pre-
dict that frequently attested phonotactic patterns are those which are both 
perceptually salient and easily learned. This paper tests this prediction using 
the experimental technique of artificial grammar learning, where adult sub-
jects learn phonotactic dependencies based on brief exposure to nonce 
words, as in Onishi et al. (2002). 

We compare evidence of learning across four phonotactic constraints in-
volving harmony and disharmony between non-adjacent liquids and high 
vowels: liquid harmony, liquid disharmony, backness harmony targeting 
high vowels, backness disharmony targeting high vowels. These constraints 
have plausible bases in processes of speech production and/or perception, 
but they differ in their attested frequency in natural languages. Liquid dis-
harmony is more commonly attested than liquid harmony (Hansson 2001), 
while vowel harmony is more common than vowel disharmony (Pycha et al. 
2003). Furthermore, constraints involving non-adjacent vowels are more 
common than those involving non-adjacent consonants. Our hypothesis is 
that the lower frequency constraints will also show lesser evidence of learn-
ing. 
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Auditory repetition experiments 
We tested learnability of each of four constraints (liquid harmony, liquid 
disharmony, backness harmony, backness disharmony) in separate experi-
ments (Experiments 1A-1D) through an auditory repetition task. In the study 
phase, subjects hear and repeat words that instantiate the phonotactic con-
straint (study words), and in the test phase they hear and repeat new words 
that are consistent with the constraint (legal words) and words that violate 
the constraint (illegal words). Mean reaction time measures are compared for 
legal and illegal words. Evidence of learning was interpreted as significantly 
shorter mean latencies to legal words than to illegal words. 

Methods 
Four experiments investigated learnability of the respective four phonotactic 
constraints. 15 adult native speakers of English participated in each experiment 
and received course-credit for compensation. 

Stimuli were nonce words of the form C1V1.C2V2.C3V3, produced by a male 
native speaker of English. The first syllable (C1V1) was either /sa/ or /ke/. 
Elsewhere, consonants and vowels were chosen from {s, k, l, r, a, e, i, u}. For 
each experiment, the words were classified into four types of words: study, 
legal, illegal, and filler (distracter) words. For example, for the experiment on 
learnability of backness disharmony, study words and legal words had two high 
vowels of conflicting backness, illegal words had two high vowels of same 
backness, and filler words were the remaining words. For each experiment 
session, 16 study words, 18 legal words, 18 illegal words, and 40 filler words 
were pseudo-randomly chosen. The chosen words were then distributed across 
five blocks. Study words recurred in each of five blocks. Legal and illegal words 
were evenly distributed in the last three blocks. Filler words were evenly 
distributed in all five blocks. 

In each trial, subjects listened to a word through a headset and repeated it as 
quickly and accurately as possible into a microphone. Latency was measured 
from the stimulus offset to the response onset for each trial. The entire session 
was audio-taped for analysis of response accuracy. 

Results 
For each subject, latencies were averaged per block and per stimulus type 
after the following were excluded: (1) errors, (2) responses not detected by 
the microphone in the first attempt, (3) responses initiated before the word 
was presented through its penultimate syllable, (4) responses with reaction 
times of 2.5 standard deviations away from the mean.  

For each of the four experiments, a within-subject ANOVA was con-
ducted with block (blocks 3~5) and legality (legal vs. illegal) as factors. The 
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effect of legality was significant in experiments on liquid harmony and dis-
harmony, but not in experiments on backness harmony and disharmony. This 
suggests that subjects learned to generalize the liquid constraints to new in-
stances but failed to learn to generalize the backness constraints. The results 
of analyses are summarized in Table 1. 

 
Table 1. Results of within-subject ANOVAs. 
Constraint (Experiment) Legality Legality × Block 
Liquid Harmony (1A) F(1,14)=6.278, F(2,28)=1.487, 
Liquid Disharmony (1B) F(1,14)=8.435, F(2,28)=0.111, 
Backness Harmony (1C) F(1,14)=0.164, F(2,28)=0.289, 
Backness Disharmony F(1,14)=0.188, F(2,28)=0.390, 

Grammaticality judgment experiments 
The lack of evidence of learning for the backness constraints may have been 
task-specific in that repetition facilitation may have been present, but not 
strong enough to result in significantly shorter repetition latencies with these 
stimuli. We ran two further experiments to test learnability of liquid har-
mony (Experiment 2A) and backness harmony (Experiment 2B) with the 
same nonce word stimuli, but with a grammaticality judgment task in the test 
phase. After a study phase with an auditory repetition task, subjects were 
asked to decide for each test word if it belonged to the language exemplified 
in the study phase (i.e., if it was ‘grammatical’). Evidence of learning was 
interpreted as the subjects’ ability to discriminate legal words from illegal 
words. 

Methods 
Subjects in each of the two experiments comprised 15 adult native speakers of English, 
who received course credit for compensation. The materials were identical to the ones used 
in the auditory repetition experiments. A session in 2A and 2B comprised a study phase 
with three blocks and a test block, and each study block contained the study words and 
filler words from 1A and 1C, respectively.[j1] The subjects performed the auditory repeti-
tion task during the study phase. In the test block, which comprised legal, illegal and filler 
word, subjects judged for each test word whether it belonged to the language of the study 
phase by responding “Yes” or “No”. 

Results 
A d’-score was computed for each subject, where hit-rate was defined as the 
proportion of “Yes” responses to legal words and false-alarm rate was de-
fined as the proportion of “Yes” responses to illegal words. The log-linear 
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rule (Hautus 1995) was applied to account for extreme cases where subjects 
had a hit-rate of 1.0. 

A one-sample t-test with d’=0.0 as the null hypothesis showed that subjects 
discriminated legal words from illegal words significantly in both the liquid 
harmony experiment (t(14)=3.717, p=0.002) and the backness harmony 
experiment (t(14)=3.399, p=0.004). The scores between the two experiments 
were not significantly different (t(28)=1.089, p=0.285). Thus, subjects appeared 
to have learned to generalize backness harmony as well as liquid harmony. 

Conclusion 
Our findings from six experiments show that subjects implicitly learned phono-
tactic constraints from brief experience, and that constraints that differ in attested 
frequency and phonetic conditioning factors are learned equally well. We con-
clude that the learnability of a constraint is independent of its phonetic basis and 
attested frequency in natural languages. However, we also find differences in 
learning that relate to differences on the experimental task, indicating that future 
research must consider task factors in relation to phonetic factors in assessing 
the role of learnability on phonological grammar. 
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