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Overview.  In a large Ngbaka dictionary (Henrix et al. 2015), segmental identity between vowels 
is systematically overrepresented: cases of identity like [kɔkɔ] 'to cover oneself' and [ɓɛnɛ] 'to 
consult an oracle' occur significantly more often than predicted by the frequencies of the individual 
vowels alone. I show that the best-fit statistical model of the lexical data includes a predictor for 
identity: non-identical vowels are dispreferred. The implication of this finding is that the 
phonological grammar must be able to reference identity directly (following MacEachern 1999, 
Coetzee & Pater 2008, Gallagher & Coon 2009, Gallagher 2013, 2014, a.o.). 
 

Background and research question.  Grammatical descriptions of Ngbaka acknowledge that 
adjacent vowels are often identical in multiple ways. Thomas (1963), for example, claims that 
Ngbaka exhibits several types of vowel harmony: ATR harmony ([e o] cannot precede or follow 
[ɛ ɔ]), backness harmony ([i e ɛ] cannot precede or follow [u o ɔ]), and height harmony among 
back vowels ([u] cannot precede or follow [o ɔ]). Henrix et al. (2007) also note height harmony 
among front vowels ([i] cannot precede or follow [e ɛ]). Several descriptions directly acknowledge 
a preference for identity: Henrix et al. (2007) write that sequences of identical vowels are frequent, 
and Sélézilo (2008) notes that, in CV1CV2 words, V1 and V2 are often identical. The question: can 
the apparent preference for identity in Ngbaka vowels can be explained through the interaction of 
multiple types of harmony, or must an identity preference be recognized independently? 
 

Data.  To address this question, I created a database of vowel pairs from Henrix et al.'s (2015) 
Ngbaka dictionary (5,571 words, transcribed by Gouskova & Stanton 2021). This investigation 
was limited to disyllabic or longer words composed of CV syllables (3,928 words); for each word, 
I extracted each adjacent pair of vowels. Thus for [zibɔlɔ] 'that which is right', the pairs extracted 
were [i ɔ] and [ɔ ɔ]; for [tɑlɛkusi] 'type of shrub' the pairs were [ɑ ɛ], [ɛ u], and [u i]. This resulted 
in a total of 6,716 vowel pairs. Unsurprisingly, the distribution of vowel pairs is uneven: identical 
pairs (n=4,461) are more common than non-identical pairs (n=2,255). 
 

Analysis.  For an analysis, I fit a loglinear model to the count data using the bayesglm function of 
R's arm package. First, to understand which combinations are under- or over-attested relative to 
expectation, I fit a baseline model to the data. For this baseline model, the dependent variable was 
the number of times a particular vowel-vowel pair was attested, and the independent variables 
included one predictor per vowel per position. Ngbaka has twelve vowels ([ɑ ɑ̃ e ɛ ɛ̃ i ĩ o ɔ ɔ̃ u ũ]) 
and I considered pairs of vowels, meaning that the baseline model had a total of twenty-four 
predictors: ɑ1, ɑ2, ɑ̃1, ɑ̃2, e1, e2, ɛ1, ɛ2, ɛ̃1, ɛ̃2 i1, i2, ĩ1, ĩ2, o1, o2, ɔ1, ɔ2, ɔ̃1, ɔ̃2, u1, u2, ũ1, and ũ2. These 
are binary predictors: ɑ1, for example, assigns a 1 to any vowel pair with [ɑ] as the first member 
(e.g. [ɑ+i], [ɑ+ũ]) and a 0 to all vowel pairs with a different first member (e.g. [i+e], [o+ĩ]). i2, to 
give another example, assigns a 1 to any vowel pair with [i] as the second member (e.g. [ɑ+i], 
[e+i]) and a 0 to all other pairs. This baseline model was then queried for a set of fitted values 
(with R's fitted.values function) that reflect how frequent each vowel pair is expected to be, 
assuming no constraints on vowel-vowel combination.  
 

Figure 1 plots the fitted (or 'predicted') counts against the observed counts. Pairs that fall above 
the identity line are overattested relative to expectation; pairs below the identity line are 
underattested relative to expectation. The overall pattern is one in which identical pairs (bolded 
and labeled) are overattested and non-identical pairs are underattested. (For a fuller plot that 
includes labels for the non-identical pairs, see https://bit.ly/3usbwX7.) 



Figure 1: overrepresentation of identical vowel pairs 
 

 
Key to Figure 1 

 
<eh> = /ɛ/ 
<oh> = /ɔ/ 

<ehn> = /ɛ̃/ 
<ohn> = /ɔ̃/ 
<an> = /ɑ̃/ 
<in> = /ĩ/ 

<un> = /ũ/ 
<a> = /ɑ/ 
<e> = /e/ 
<i> = /i/ 

<o> = /o/ 
<u> = /u/ 

 
 
 

To this baseline model, I added predictors reflecting types of vowel harmony (most hypothesized 
to be active in Ngbaka), and one predictor to look for effects of identity. These binary predictors 
took the form of Optimality Theoretic constraints and were named and defined as in Table 1.  
 

Table 1: predictors added to the statistical model 
 Predictor Assigns a 1 to... 

a. *[aATR][-aATR] (e|o)(ɛ|ɔ) and (ɛ|ɔ)(e|o) 
b. *[aback][-aback] (i|e|ɛ)(u|o|ɔ) and (u|o|ɔ)(i|e|ɛ) 
c. *[ahigh, -back, -low][-ahigh, -back, -low] (i)(e|ɛ) and (e|ɛ)(i) 
d. *[ahigh, +back, -low][-ahigh, +back, -low] (u)(o|ɔ) and (o|ɔ)(u) 
e. *[anasal][-anasal] vowels mismatching for nasality 
f. *[+syllabic]i[+syllabic]j non-identical vowel pairs 

 

To determine which combination of predictors is responsible for shaping the data, I fit the maximal 
model to the data and compared the goodness of fit of nested models using likelihood ratio tests. 
 

Results.  The model that best-fits the data is one that includes the predictors in Table 1's (a) (t = 
5.51, p < .001), (b) (t = 4.38, p < .001), (c) (t = 5.07, p < .001), (e) (t = 6.64, p < .001), and (f) (t = 
29.23, p < .001). The fact that (f) is significant tells us that the identity preference in Ngbaka should 
not be explained entirely by appealing to interacting processes of harmony, as the identity 
preference plays an independent role in shaping the lexicon. (f)'s high t value, in addition, shows 
that the identity preference plays a larger role in shaping the lexicon than do the harmony 
processes. (One possible type of harmony, that between [+low] [ɑ ɑ̃] and the remaining [-low] 
vowels, is not discussed here; further statistical modeling suggests that it is inactive.) 
 

Summary.  The empirical picture is one in which vowel patterns in the Ngbaka lexicon are shaped 
primarily by an identity preference and secondarily by a collection of vowel harmony processes. 
Any successful model of these patterns must be able to reference identity directly. 
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