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Abstract 

 

Pairs of phoneme inventories of a language obtained from different sources rarely agree.  Not 

only can the number of phonemes differ between sources, but some phonemes may be 

included in only one inventory.  The inevitable inference is that the total number of phonemes 

listed for a language is greater than the size of either of the inventories.  If two inventories are 

mutually incomplete, it is reasonable to infer that any inventory might be incomplete.  Using 

independently compiled pairs of inventories it is possible to estimate a number of phonemes 

that might be ‘missing’.  The apparent ‘completeness’ of inventories from pairs of sources in 

PHOIBLE Online appears to vary systematically.  Based on the 119 languages for which 

inventories from two sources are available, and after adjusting for the source bias, it is 

estimated that the ‘median inventory’ could be missing 4-5 phonemes from the total phoneme 

inventory of the corresponding language. 
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Introduction 

The UCLA Phonological Segment Inventory Database (UPSID) contains phoneme 

inventories of 451 carefully selected languages and a total of 919 phonemes (Maddieson 

1984, Maddieson & Precoda 1989).  While UPSID is well known as a particularly useful 

source (Brown 2017), several other phoneme inventory databases are also available from 

PHOIBLE Online (Moran et al. 2014).   Together, these sources provide 2155 inventories for 

1537 language codes and include 2031 different phonemes.   

 

While most language codes are included in only one of these sources, some are represented in 

more than one.  For example, Kharia (khr), without any particular dialect specification, is 

included in four of the seven sources in PHOIBLE Online.  At least three useful observations 

can be made concerning these data.  First, the phoneme inventories of Kharia differ between 

these sources: for example, while /a/ appears in all four, /ao/ appears in only one of the four 

sources.  Second, a total of 83 phonemes are listed in the four sources, but each of the 

individual sources have between 36 and 47 phonemes.  Third, even when the total numbers of 

phonemes are similar, as they are in two of the sources, only about half of the phonemes in 

the inventories are common to both (24 of 45 or 47 in this case).  Such discrepancies are not 

especially surprising, if only because phonemes need not always be uniquely identified (Chao 

1934).  Indeed, Maddieson (1984: 6) explicitly acknowledges that this is the case for some of 

the languages common to both UPSID and the Stanford Phonology Archive (SPA (Crothers 
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et al. 1979)) and Moran et al. (2014) give a clear warning on PHOIBLE Online.  Given this, 

there is reason to be cautious about the direct comparison of the phonemes of different 

languages or, perhaps, even of inventories compiled by different researchers (Brown 2017).   

 

Nevertheless, these observations prompt a very simple question:  how many phonemes are 

‘missing’ from these inventories or, more generally, how many phonemes might there be?  

Obviously, this applies to particular languages, like Kharia, where the sources disagree, but it 

also applies more generally to the global phoneme inventory of these sources.  If Kharia is 

reported to have 47 phonemes by one source, but a total of 83 different phonemes appear in 

all four sources, it does appear that there can be significant uncertainty about the reported 

phoneme inventories.  If this is the case for one language, what about other languages?  If it is 

true of one or more languages, what about the overall phoneme inventory?  These might seem 

somewhat indelicate questions.  After all, the work involved in developing such databases is 

very considerable, but there is much to learn from phoneme inventories (Atkinson 2011, 

Brown 2017, Creanza et al. 2015, Everett et al. 2016, Hombert & Maddieson 1999, Perreault 

& Mathew 2012).  While more complex analysis is not always helpful (Brown 2015), the 

interpretation placed on the data may be affected by such incompleteness.  In such cases it is 

even more important to examine the data carefully than one normally might.  

Data 

The data used here were derived from the collection of phoneme inventory sources in 

PHOIBLE Online
1
 (Moran et al. 2014).  This includes inventories from seven sources (Table 

1). 

(a) Two collections of African language inventories:  

(i) Alphabets of Africa (AA), derived from Chanard’s (2006) Systèmes 

alphabétiques des langues africaines database of Hartell’s (1993) 

inventories, and  

(ii) a collection of inventories of African languages collected from secondary 

sources by Christopher Green and Steven Moran (GM). 

(b) Inventories derived from Ramaswami’s (1999) Common Linguistic Features in Indian 

Languages (RA). 

(c) The South American Phonological Inventory Database (SAPHON) of Lev et al. 

(2015). 

(d) Three sources with more general coverage: 

(i) Phonetics Information Base and Lexicon (PHOIBLE) of Moran (2012),  

(ii) SPA (Crothers et al. 1979) and 

(iii) a form of UPSID (Maddieson 1984, Maddieson & Precoda 1989) that has 

873 rather than 919 phonemes (Moran 2012).  

The first four of these sources (AA, GM, RA, SAPHON) contain more than one inventory for 

some languages.  In contrast, Maddieson’s intent was to include a representative sample of 

languages, so this sort of duplication is not an issue in UPSID.  Where appropriate, languages 

were identified by language code, which means, for example, that Toro So Dogon (dts) and 

Jamsay Dogon (djm) are treated as distinct languages, but no such distinction is drawn 

between the forms of Hausa (hau) from Niger and Nigeria.  All analyses were carried out 

using R (Ihaka & Gentleman 1996) and distributions were fitted by maximum likelihood. 

 

 

                                                 
1
 These data are available at https://github.com/phoible/dev (accessed 18 October 2017). 
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Table 1.  Languages represented in the seven sources included in PHOIBLE Online (Moran 

et al. 2014).  Languages were distinguished by language code. 

 

 Source 

 AA GM PHOIBLE RA SAPHON SPA UPSID 

Inventories  203  437  244  100  320  197  451 

Phonemes  310  976  637  221  296  743  873 

Languages  192  406  244  97  301  197  451 

        

Source languages        

  in UPSID  32  20  6  15  52  164  451 

 not in UPSID  160  386  238  82  249  33  0 

        

Source phonemes        

  in UPSID  200  355  318  159  223  395  873 

 not in UPSID  110  621  319  62  73  348  0 

 

An illustration of the problem 

The differing Kharia inventories provide a simple illustration of the problem.  Four 

inventories are available from PHOIBLE, RA, SPA and UPSID and they comprise 47, 45, 41 

and 36 phonemes, respectively.  It follows from these numbers that some inventories include 

phonemes that are not in others.  For example, PHOIBLE must have at least 11 phonemes not 

listed in UPSID.  Moreover, some phonemes (such as /ao/) are included in only one of the 

four inventories, so if only two or three of the inventories are considered it is likely that a 

phoneme has been missed.  This level of disagreement prompts the speculation that a Kharia 

phoneme might not be listed in any of the inventories.   

 

To see this more systematically, consider that for a single language represented in just two of 

the sources there are four possibilities (Table 2): phonemes are present in both inventories 

(a); phonemes are present in source 1, but are absent from source 2 (b); phonemes are present 

in source 2, but are absent from source 1 (c); and some phonemes (z) might be absent from 

both sources.  In this situation, all that is certain is that  

 cbaN  , (1) 

although the two inventories comprise fewer phonemes (only a + b and a + c).  However, the 

total number of phonemes based on these two inventories must be  

 zcbaN   (2) 

and it follows that the problem is to estimate N when z is not known (Sekar & Deming 1949).   

 

One solution to this problem relies on the independence of the two inventories.  If source 1 

and source 2 happen to be independent, then, by definition, the probability (P) that a 

phoneme is in both sources is just the probability that it is in source 1 multiplied by the 

probability that it is in source 2 

 P(phoneme in both) = P(phoneme in source 1)P(phoneme in source 2). (3) 

Based on Table 2 the proportion of phonemes that are in both sources is just a/N, the 

proportion that are in source 1 is (a + b)/N and the proportion in source 2 is (a + c)/N, so (3) 

is just 
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An almost unbiased estimate of N that is often used instead of (6) and which is particularly 

suitable for small N (Wang 2015) is 
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(Chapman 1951).  While (7) has some deficiencies (Wang 2015), these are outweighed by the 

fact that it facilitates consideration of the Karbadian-Rotokas example (for which a = 0), 

which is not possible using (6).  The standard error of the    given by (7) is 
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and the approximate 95% confidence interval is    ± 1.96SE(  ). 

 

 

Table 2.  Contingency table for the analysis of two independent phoneme inventories for a 

single language. 

 

  Inventory 1  Total 

  Present Absent  

Inventory 2 Present a c a + c 

 Absent b z b + z 

Total  a + b c + z N 

 

 

In the case of Kharia, as described above, RA and PHOIBLE list 45 and 47 phonemes, 

respectively, but only 24 of these are common to both sources (a = 24).  These sources 

specify a further 23 and 21 phonemes that are not in the other inventory (b = 23, c = 21).  

This means that these two inventories specify a total of 68 (= a + b + c) different phonemes 

and that the total number of phonemes (N) could be larger still (1) if some of the phonemes of 

Kharia are not listed in RA or PHOIBLE.  Using (7),    = [(48 × 46)/25] – 1 ≈ 87, which is 

rather greater than the 68 different phonemes given in these two inventories, and so about 19 

phonemes are missing from them.  For these values, the 95% confidence interval of    is [71, 

103], which means that    is significantly different from the 45 or 47 phonemes listed in the 

two sources (p < 0.001).  It is even likely that there is a statistically significant difference 

between    and the 68 different phonemes in the two inventories combined (p = 0.010), 

although this is not always the case (Table 3).    

 

As four of the sources include Kharia inventories, five other pairwise comparisons of this sort 

could be made (Table 3).  From these it might be inferred, with appropriate reservations, that 

there could be at least 49 phonemes in Kharia (based on SPA and UPSID) rather than the 36-

47 listed in the four inventories.  However, PHOIBLE, RA, SPA and UPSID list a total of 83 
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different phonemes for Kharia, consistent with the largest estimates of    in Table 3.  It is also 

clear that there can be large differences between the pairs of inventories in the total number 

of phonemes identified (a + b + c) and in    (Table 3).    

 

This analysis relies on five assumptions: (i) that the phonemes have been identified 

accurately; (ii) that the phonemes from different sources can be matched appropriately; (iii) 

that the various phoneme inventories have not changed between their compilation; (iv) that 

all phonemes are equally likely; and (v) that the sources are independent.  For the present, I 

take assumptions (i), (ii) and (iii) to be satisfied, but it should be remembered that phonemes 

need not always be uniquely identified (Chao 1934), which compromises assumptions (i) and 

(ii). Strictly, assumption (iv) is not necessarily satisfied (Brown 2017), but I defer 

consideration of the significance of this and strategies to address the issue to a later date.  

Assumption (v) is satisfied for some, but not all, combinations of the sources in PHOIBLE 

Online.  Specifically, UPSID and SPA are not independent (Maddieson 1984: 6), but other 

combinations of the PHOIBLE Online sources are so it is possible to ensure independence by 

avoiding comparisons of UPSID and SPA inventories except where it might be helpful to 

consider the failure of the independence assumption (Brown 2016).    

 

 

Table 3.  Estimates of the number of phonemes obtained from pairwise comparisons (7) of 

the four Kharia (khr) inventories included in PHOIBLE Online.  In all cases    is significantly 

greater than the number of phonemes in source 1 (a + b) or source 2 (a + c) (p < 0.001). 

 

Source 1:Source 2 Phonemes present in     

 both (a) only Source 1 (b) only Source 2 (c) [95% CI]
 †
 

PHOIBLE:RA 24 23 21  87 [71, 103]
* 

PHOIBLE:SPA 23 24 18  83 [68, 98]
*
 

PHOIBLE:UPSID 22 25 14  76 [63, 90]
*
 

RA:SPA 31 14 10  59 [54, 65] 

RA:UPSID 23 22 13  70 [59, 81] 

SPA:UPSID 28 13 8  53 [48, 58] 
†
 All estimates have been rounded to the nearest integer. 

*
 p(   > a + b + c) ≤ 0.02 

 

The distribution of shared phonemes 

Intrinsic to the consideration of the number of ‘missing’ phonemes is the likelihood of 

phonemes being common to pairs of languages (Table 2).  In UPSID, the number of 

phonemes common to pairs of languages ranges from zero to 47 (Figure 1A), but half of all 

UPSID language pairs have between 9 and 14 common phonemes and the median number of 

common phonemes is 11 (Figure 1B).  The distribution of the number of shared phonemes is 

positively skewed (skewness = 0.68, kurtosis excess = 0.95) and, while the distribution is not 

quite lognormal (Figure 1A), it is a reasonable approximation of the distribution (Figure 1B). 

 

At one extreme of the distribution are those language pairs that have no phonemes in 

common.  The only example of this in UPSID are Rotokas (roo) and Kabardian (kbd) which 

have 11 and 56 phonemes, respectively.  At the other extreme are those pairs of languages 

with many common phonemes.  In UPSID, Archi (aqc, 91 phonemes) and Lak (lbe, 69 

phonemes) have 47 phonemes in common.  Somewhere between these extremes, Dyirbal 
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(dbl) and Yidiny (yii), two Australian Aboriginal languages from north Queensland, have the 

same 16 phonemes.  The other examples given in Table 2 illustrate the point that just one 

language can share a range of numbers of phonemes with other languages: pairs range from 

completely different (Kabardian and Rotokas) to moderately similar (Kabardian and Archi). 

Inevitably, the number of shared phonemes tends to increase with the size of the phoneme 

inventories. 

 

 

 
Figure 1. Distribution of the number of phonemes common to the 101475 pairs of UPSID 

languages.  In each panel the curve is the appropriate form of the lognormal distribution fitted 

to the data by maximum likelihood as described previously (Brown 2017).  The estimates of 

the mean (<ln a>) and standard deviation (slna) of the distribution are 2.398 ± 0.001 and 

0.3412 ± 0.0008, respectively. 

 

 

These observations prompt one to ask how likely they might be in a random selection of 

phonemes.  For example, the 47 and zero phonemes shared by Archi and Lak and Rotokas 

and Kabardian, respectively, seem so very different.  However, remember that (a) these are 

just two of 101475 pairs of languages that were considered, (b) in each case between 10 and 

141 phonemes were selected and (c) all ‘matches’ among the 873 phonemes are the same, 

although (d) most phonemes are quite uncommon.  If two inventories have (a + b) and (a + c) 

phonemes of which a are shared and there are N possible phonemes (Table 2), the probability 

of observing a shared phonemes by chance is given by the hypergeometric distribution 
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is the number of ways of choosing r objects without replacement from n available objects.  If 

the number of selections (a + c) is much smaller than the number of phonemes available (N), 

then it removing one phoneme does not significantly affect the possibilities available and the 

selections are essentially independent.  In this case, (9) can be approximated by the binomial 

distribution (Brunk et al. 1968).   
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Table 4.  Arbitrarily selected examples of pairs of UPSID languages with specific numbers of 

common phonemes (a) and the probability of observing a by chance (pH(a; ·)). 

 

Common 

phonemes (a) 

Language 1  

(code, a + b) 

Language 2 

 (code, a + c) 

pH(a; b, c, 873) 

 0 Kabardian (kbd, 56) Rotokas (roo, 11) 0.480 

 1 Kabardian (kbd, 56) Ache (guq, 21) 0.361 

 2 Kabardian (kbd, 56) Baining (byx, 22) 0.256 

 3 Kabardian (kbd, 56) Ainu (ain, 16) 0.062 

 4 Kabardian (kbd, 56) Arrernte (aer, 30) 0.082 

 5 Kabardian (kbd, 56) Amele (aey, 20) 0.006 

 6 Kabardian (kbd, 56) Aghem (agq, 35) 0.015 

 7 Kabardian (kbd, 56) Achumawi (acv, 23) <0.001 

 8 Kabardian (kbd, 56) Kotoko (aal, 36) 0.001 

 9 Kabardian (kbd, 56) Akawaio (ake, 23) <0.001 

 10 Kabardian (kbd, 56) Kohumono (bcs, 29) <0.001 

 12 Kabardian (kbd, 56) Albanian (als, 35) <0.001 

 14 Kabardian (kbd, 56) Kullo (gmo, 29) <0.001 

 16 Kabardian (kbd, 56) Amharic (amh, 37) <0.001 

 16 Dyirbal (dbl, 16) Yidiny (yii, 16) <0.001 

 18 Kabardian (kbd, 56) Arabic (arz, 35) <0.001 

 20 Kabardian (kbd, 56) Bats (bbl, 45) <0.001 

 26 Kabardian (kbd, 56) Lak (lbe, 69) <0.001 

 27 Kabardian (kbd, 56) Archi (aqc, 91) <0.001 

 47 Archi (aqc, 91) Lak (lbe, 69) <0.001 

 

 

Equation (9) expresses the probability of observing a matches among a + c selections from a 

pool of N phonemes of which only a + b represent a potential ‘match’ (Fisher 1935).  There 

are several ways of interpreting pH (Broca 2008), but one way is to consider that there are 
(a+b)

Ca ways of choosing a phonemes from the a + b phonemes in one inventory and, 

similarly, 
(N–(a+b))

Cc ways of selecting c phonemes from those N – (a + b) that are not present 

in it but are present in the other inventory.  The product of these (
(a+b)

Ca
(N–(a+b))

Cc) is the 

number of possible ways of making the appropriate selections, but there are a total of 
N
C(a+c) 

ways of choosing a + c phonemes from the N available, so the probability is the ratio 
(a+b)

Ca
(N–(a+b))

Cc/
 N

C(a+c), which is just another way of writing the RHS of (9).  The 

hypergeometric distribution (9) is often associated with the capture-recapture technique used 

to estimate the size of a population (N). This involves capturing a + b individuals, tagging 

and releasing them on one occasion and then repeating the capture process on another 

occasion.  In the second phase a + c individuals are caught, of which a were caught and 

tagged in the first round and the other c individuals are caught for the first time because they 

are among the N – (a + b) untagged individuals.  Each of the capture steps is analogous to the 

compilation of a phoneme inventory for a particular language. 

 

The application of (9) to the estimation of the probability of observing specific patterns of 

phoneme sharing relies on several assumptions.  These are that (i) a fixed number (a + c) of 

identical choices are made (ii) without replacement (because a phoneme can be included only 

once in an inventory), (iii) for each of which there are only two possible outcomes (match/no 
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match) and (iv) the probability of observing a match is the same each time.  The effect of the 

assumption that the trials are carried out without replacement is to render them dependent, 

because the selection of a phoneme depends on which phonemes have been removed in 

earlier trials from those that are available for selection.  These assumptions lead to (9) from 

which it can be estimated that it is quite likely that a random selection would yield the 

Rotokas-Kabardian case of no shared phonemes (p = 0.480), whereas the Archi-Lak case of 

47 shared phonemes is quite unlikely (p < 0.001).  In fact, depending on the inventory sizes, a 

small number of shared phonemes (five or fewer, perhaps) is quite likely given a random 

selection, but more than this is not (Table 4). 

Examples of pairs of inventories  

One flaw in this treatment of the Kharia example is that the four inventories have been 

considered in pairs (Table 3) in an attempt to make the issues very clear.  Multiple pairwise 

comparisons of this sort are far from ideal because the data are not fully utilised.  It would be 

better to extend the analysis to incorporate the sources into a single contingency table 

(Agresti 1992, Hook & Regal 1995).  As this analysis is rather more intricate, I leave it to a 

later date and, in the following, restrict consideration to those languages for which only two 

inventories are available.  

 

There are exactly two inventories in PHOIBLE Online for 136 languages (excluding the 115 

languages common to SPA and UPSID but not represented in the other sources).  It is 

interesting to observe that 17 of these inventory pairs agree perfectly and in each of these 

cases both inventories come from the same source (there are 5, 3, 2 and 7 inventory pairs 

from AA, GM, RA and SAPHON, respectively).  Of the 119 cases where the inventory pairs 

do not agree, the inventories come from different sources in every case.  In the following, I 

restrict consideration to only the 119 pairs of inventories from different sources. 

 

Some examples of the 119 pairs of inventories from different sources are given in Table 5.  In 

most cases, the two inventories differ in size (b ≠ c), but in every case there are phonemes in 

one inventory that are not present in the other (b ≠ 0 or c ≠ 0, at least).  The corollary of this 

is that the total number of phonemes included in both inventories (a + b + c) is greater than 

the number of phonemes in either inventory (a + b or a + c).  This means that (7) yields 

values of    that are significantly greater than both inventory sizes (p < 0.001), but in some 

cases (such as Lulubo and Nepali) that    is also significantly greater than a + b + c (Table 5).  

The estimated number of ‘missing’ phonemes ( ) is larger when b and c are large (Table 5) as 

follows from (7).  

 

One natural question is whether there are any systematic differences between the sources.  It 

will be apparent that there are differences in the languages covered: African (AA and GM),   

Indian (RA) and South American (SAPHON) language-specific sources differ from the more 

general sources (UPSID, SPA and PHOIBLE).  However, it may be less apparent that the 

agreement between inventories depends on the pairs of sources used.  For example, the 

number of phonemes estimated using (7) is greater than the total number of phonemes in the 

inventories (1) and    and a + b + c are linearly related (7), but the gradient (β1) is greater for 

inventory pairs from SAPHON and UPSID than it is for those from AA and GM (Figure 2).  

Furthermore, no matter which pair of sources is considered the gradient is greater than one 

(β1>1, p < 0.02, Table 6).  The differences between the gradients are related to the extent of 

agreement between the inventories because if b and c are small compared with a, then    ≈ a 

(7).   
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The intercept (β0) in these regressions represents an estimate of the bias in the phoneme 

enumeration for each language for a particular pair of sources.  There is little indication of 

bias for AA and GM (p =  0.145), GM and UPSID (p = 0.237) and PHOIBLE and SAPHON 

(p = 0.205), but there is clear evidence for AA and UPSID (p = 0.012) and SAPHON and 

UPSID (p = 0.032).   The bias is especially significant in the case of SPA and UPSID (p = 

0.006), as might be expected from the comments of Maddieson (1984: 6).  As β0 < 0 the 

apparent disagreement between these sources leads to a systematic over-estimation of the 

number of missing phonemes ( ) by about 5 [95% CI: 1, 8]. 

 

 

Table 5.  Estimates of the number of phonemes obtained from pairwise comparisons of 

selected pairs of inventories included in PHOIBLE Online.  In all cases    is significantly 

greater (p < 0.001) than the number of phonemes in source 1 (a + b) or source 2 (a + c). 

 

Language Source 1: Phonemes present     

(code) Source 2 a b c [95% CI]
†
 

Andamanese (apq) UPSID:RA 14 10 21  59  [45, 73] 

Ao (njo) UPSID:RA 19 1 13  34 [32, 36] 

Bariba (bba) UPSID:AA 28 2 3  33 [32, 34] 

Dogon (kff) UPSID:RA 22 6 20  53  [46, 60] 

Ladakhi (lbj) PH:RA 30 8 15  57  [52, 62] 

Lulubo (lul) GM:SAPHON 14 32 7  68 [52, 84]
* 

Nepali (nep) UPSID:RA 23 16 24  79  [65, 93]
* 

Nuer (nus) PH:GM 43 5 5  54 [52, 56] 

Pirahã (myp) UPSID:SAPHON 8 3 3  15 [13, 17] 

Punjabi (pan) SPA:RA 30 43 21  123 [102, 144]
* 

Salish (str) SPA:PH 22 21 18  77  [63, 91]
* 

Swahili (swh) SPA:AA 24 12 13  55 [48, 62] 

Tamil (tam) PH:RA 27 6 16  52  [47, 57] 

Yacuna (ycn) UPSID:SAPHON 17 4 4  26 [24, 28] 
†
 All estimates have been rounded to the nearest integer. 

*
 P(   > a + b + c) ≤ 0.02 

 
 

 
Figure 2.  Correlation between the estimated number of phonemes (  ) and the total number 

of phonemes (a + b + c; see Table 2) in inventories of the a language from SAPHON and 

UPSID (○) or AA and GM (●).  The dashed (– – –) and solid (–––) lines are the 

corresponding least squares fits to the data (details of these, and other, regressions are given 

in Table 6), and the dotted line (······) represents    = a + b + c. 
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Table 6.  Least squares regression analysis of the relationship between the estimated and total 

numbers of phonemes (   = β0 + β1[a + b + c]) in inventories of languages given in two 

different sources.  

 

Sources β0 [95% CI] β1 [95% CI] R
2
 (n) RSE 

AA:GM  -4 [-9, 1]
 

 1.14 [1.02, 1.26]  0.951 (23) 2.30 

AA:UPSID  -19 [-33, -5]
 

 1.58 [1.27, 1.90]  0.926 (12) 4.04 

GM:UPSID  -10 [-28, 8]
 

 1.39 [1.05, 1.72]  0.920 (10) 7.74 

PH:SAPHON  -1 [-4, 1]
 

 1.07 [1.00, 1.15]  0.988 (14) 1.01 

SAPHON:UPSID  -11 [-21, -1]
 

 1.53 [1.28, 1.78]  0.826 (34) 7.26 

SPA:UPSID  -5 [-8, -1]
 

 1.24 [1.17, 1.31]  0.920 (115) 5.84 

 

 

If there are differences between sources in (i) the bias of    (β0) and (ii) the relationship 

between    and a + b + c (β1) (Figure 2 and Table 6), then data such as those in Table 5 are 

more difficult to interpret when comparing different pairs of sources.  One approach to 

accounting for such differences is to correct the estimate of missing phonemes ( ) using the 

estimated bias  

  00corr
ˆSE96.1ˆˆˆ   zz  (10) 

and then use this to correct    

 corrcorr
ˆˆ zcbaN  . (11) 

As an example, this approach is applied to the median phoneme numbers for those pairs of 

sources for which bias could be estimated (Table 6) and for which n ≥ 10 (Table 7).  For three 

pairs of sources (AA:GM,  AA:UPSID and PH:SAPHON) the median  corr is small (2, 0 and 

1, respectively), although the median total numbers of phonemes are rather different (43, 43 

and 27, respectively).  For two other sources, (GM:UPSID and SAPHON:UPSID) the median  

 corr is larger (16 and 7, respectively) and the median total numbers of phonemes are also 

rather different (53 and 37, respectively).  Overall, for these five sources, the median   is 3 

and  corr, calculated as the weighted average of the values of the sources, is 5.  While SPA and 

UPSID are said to be dependent, the median  corr is similar when these sources are included 

(Table 7). 

 

The implication of the calculations in Table 7 is that 4-5 phonemes are ‘missing’ from the 

‘median inventory’ of the 119 pairs considered.  The inventories of this ‘median inventory’ 

include 29-30 or 34-36 phonemes and 41-43 phonemes in total.  Based on this, the total 

number of phonemes might be expected to be about 10% greater when ‘missing’ phonemes 

are included.  To be very clear, there is no reason to expect that these putative ‘missing’ 

phonemes are necessarily novel, one might anticipate that most, if not all, of them are already 

listed in the overall inventory of these sources. 

General observations 

Only those languages for which two inventories are available from different sources have 

been considered.  However, there are languages for which inventories are available from 

more sources and these have not been considered here.  This will be addressed at a later date.  

However, at least four other objections can be made.  First, it might be argued that it is not 

reasonable to assume that all phonemes are equally likely.  For example /m/ and /a/ are 

common, occurring in 425 and 392 of the 451 UPSID languages, respectively, whereas 427 

phonemes occur in only one UPSID language.  The assumption that all ‘matches’ are the 
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same is one of the bases of this use of the hypergeometric distribution.  This is similar to 

those capture-recapture situations in which some animals are often caught whereas others are 

caught infrequently (Burnham & Overton 1978).  Second, while it might have been expected 

that different sources might yield the same inventories for a language, it appears that 

agreement between the sources is actually rare (<1%), whether in terms of languages or pairs.  

The extent to which this reflects methodological rather than linguistic differences remains to 

be determined.  However, the assumption that phonemes can be identified reproducibly is 

somewhat questionable (Chao 1934) and the corollaries of this are that (i) matching 

phonemes from different sources may be problematic and (ii) it may be challenging to detect 

differences between phoneme inventories compiled at different times.  Third, the 

independence of the sources in PHOIBLE Online has not been considered fully.  While SPA 

and UPSID are not independent (Maddieson 1984: 6), the value of  corr for the ‘median 

inventory’ of this pair of sources is very similar to that obtained from AA, GM, PH, 

SAPHON and UPSID (Table 7) and the estimates of bias are also similar (Table 6).  Fourth, 

all phonemes have been treated as being similar in that no distinction between consonants and 

vowels has been made in this analysis.  Previous work using UPSID has shown apparent 

differences in the development of the inventories of vowels and consonants (Brown 2017),   

These issues warrant further consideration. 

 

 

Table 7.  Numbers of phonemes (median per language) for each of the pairs of sources and 

the number of missing phonemes ( ) before and after correction for systematic bias.  The 

corrected value of   is  corr (10) based on β0 given in Table 6 and the corrected estimate of    

is   corr (11). 

 

Sources Phonemes reported Total Missing phonemes   corr n 

 low 

(a + b) 

high  

(a + c) 

phonemes 

(a + b + c) 

   corr   

AA:GM 35 38 43 1 2 45 23 

AA:UPSID 29 35 43 5 0 43 12 

GM:UPSID 34 40 53 8 16 69 10 

PH:SAPHON 24 26 27 0 1 28 14 

SAPHON:UPSID 24 29 37 8 7 44 34 

Five sources 29 34 41 3 5
* 

46 93 

        

SPA:UPSID 31 37 45 4 3 48 115 

Six sources 30 36 43 4 4
† 

47 208 
 *

 Weighted median of  corr for AA, GM, PH, SAPHON and UPSID. 
 †

 Weighted median of  corr for AA, GM, PH, SAPHON, SPA and UPSID. 

 

Conclusions 

Based only on the small number of pairs of inventories from separate sources (Table 7) there 

is reason to consider that the combined inventories are likely to lack several phonemes.  

Specifically, phonemes are missing from the individual inventories because the median total 

number of phonemes in the combined inventories (a + b + c) is greater than the median 

number in either of the inventories alone (a + b or a + c).  From this it is estimated ( corr) that 

the ‘median inventory’ lacks 4-5 phonemes, although the sources have different biases so the 

number of phonemes ‘missing’ from specific inventories may differ. 
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