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BACKGROUND: One issue that is actively discussed in contemporary phonological studies is 
whether or not phonological systems can count beyond three. The predominant view had been that 
phonological systems may count up to two but not more (e.g. Ito & Mester 2003; McCarthy & 
Prince 1986; Myers 1987). On the other hand, recent proposals argue that there are cases in which 
phonology actually counts beyond three (e.g. Paster 2019). This question is also addressed in the 
context of counting cumulativity (Jäger & Rosenbach 2006), in which the number of constraint 
violations appears to additively affect phonological patterns (see also Hayes 2020). We address 
this general question by zooming in on the specific question of whether Lyman’s Law in 
Japanese—a prohibition against having multiple voiced obstruents—can count beyond three.  
 
A more specific inspiration of the current study is the recent observation that two nasals seem to 
block Rendaku, a morphophonological process that voices the initial consonant of a second 
member (N2) of a compound. A corpus-based study (Kim 2019) and a nonce-word judgment study 
(Kumagai 2017) show that words with two nasals are far less likely to undergo Rendaku than 
words with one nasal (e.g. [hanami] vs. [hasami], only the latter of which undergoes Rendaku). 
This observation implies that Lyman’s Law, which blocks Rendaku when there is already a voiced 
obstruent in N2 (Ito & Mester 2003), also disfavors a configuration in which a voiced obstruent is 
followed by two nasals, a statement which seems to require counting three segments 
(*[D…N…N]). The current experiment more directly addressed the possibility that a constraint 
can count three segments, by testing whether Lyman’s Law distinguishes words which contain 
three voiced obstruents ([D…D…D]) and those which contain two voiced obstruents ([D…D]). 
 
METHOD: The current experiment was a nonce-word judgment experiment on Rendaku, which 
consisted of three conditions: (1) nonce words with no voiced obstruent (e.g. [taruna]), (2) those 
with one voiced obstruent (e.g. [taguta]), and (3) those with two voiced obstruents (e.g. [tegubi]). 
Existing native words in Japanese, the primary target of Rendaku, do not have words with two 
voiced obstruents, and thus we would not know from the behavior of existing words whether 
Lyman’s Law distinguishes Condition (3) from Condition (2). Previous experimental studies of 
Rendaku also compared only (1) and (2) (Kawahara & Sano 2014; Vance 1980), and thus whether 
Lyman’s Law can count beyond three has remained to be an open question till now.  
 
The experiment tested all four sounds that can potentially undergo Rendaku (= /t/, /k/, /s/ and /h/) 
with 6 nonce items each, resulting in 72 items in total (3 conditions * 4 consonants * 6 items). The 
participants were instructed to combine each stimulus with [nise] “fake” as N1 and asked whether 
the resulting compound would sound more natural with or without Rendaku; e.g. given a nonce 
word [tamuma], when it is combined with [nise], which sounds more natural, [nise-taruna] or [nise- 
daruna]? The experiment was distributed online using SurveyMonkey. After excluding data from 
non-native speakers and those who already knew what Lyman’s Law is, data from 149 participants 
entered into the following statistical analysis.  
 
RESULTS: Figure 1 shows the Rendaku application rate for each condition. Each transparent 
jittered point represents the average response from each participant and the solid red circles 
represent the grand averages. Abstracting away from segmental differences, the three voicing 



conditions resulted in the following Rendaku application rates: (1) 57.8%, (2) 30.8%, (3) 33.0%. 
A Bayesian mixed-effects logistic regression was run with the number of voiced obstruents and 
segment type as fixed factors, together with varying intercepts and slopes for participants for the 
two fixed effects and their interaction, as well as a varying intercept for items. The reference level 
for the voiced obstruent was set to be one voiced obstruent.  
 

 
 
The Bayesian mixed effects model shows that the difference between the no voiced obstruent 
condition and one voiced obstruent condition is credible (β=1.67, 95% CI=[1.12, 2.25]), which 
shows that the current participants were sensitive to Lyman’s Law. On the other hand, the 
difference between one voiced obstruent condition and the two voiced obstruent condition, the 
new experimental manipulation, did not result in a credible difference (β=0.02, 95% CI=[-0.51, 
0.53]). We thus did not observe strong evidence that Japanese speakers distinguish between these 
two conditions. An analysis using Region of Practical Equivalence (ROPE: Kruschke 2014) shows 
that we can be only 53% confident that these two conditions are practically identical, however.  

DISCUSSION: The current experiment provided strong evidence that Japanese speakers are 
sensitive to Lyman’s Law, replicating some previous experimental results that Lyman’s Law is 
psychologically real (Kawahara & Sano 2014; Vance 1980). The results on the other hand did not 
reveal strong evidence that Japanese speakers distinguish between the two voiced obstruents 
condition and the three voiced obstruents condition, but the results were not decisive enough to 
conclude the null effect either.  The general result is in line with the idea that phonology does not 
count; i.e. “the genuine contrast in grammars is not ‘1 vs. 2 vs. 3 vs. 4 vs. ...’, but ‘1 vs. greater 
than 1’” (Ito and Mester 2003: 265). Our experimental question is exclusively about Lyman’s Law, 
and whether other aspects of a phonological system can count or not should be examined in future 
studies. Our conclusion from the current study is that Lyman’s Law distinguishes ‘1 vs. greater 
than 1’ but perhaps not ‘2 vs. 3.’ 
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Figure 1: Violin plots of 
Rendaku application rate. 
Each facet shows each 
different segment type. 
Within each facet, each 
violin shows the three 
conditions with different 
numbers of voiced 
obstruents. Blue transparent 
circles show averaged 
responses from each 
participant. Solid red circles 
represent grand averages for 
each condition.  


