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Abstract
For over a century, the phoneme has played a central role in linguistic research. In recent years, collections
of phoneme inventories, originally designed for cross-linguistic purposes, have increasingly been used in
comparative studies involving neighbouring disciplines. Despite the extended application of this type of
data, there has been no research into its comparability or tests of its reliability. In this study, we carry out
a systematic comparison of four popular phoneme inventory collections. We render them comparable by
linking them to standardised formats for the handling of cross-linguistic datasets and develop new
measures to test both size and similarity. We �nd considerable differences in inventories supposedly
representing the same language variety, both in terms of size and transcriptional choices. While some of
these differences appear to be predic, re�ecting design decisions in the different collections, much of the
observed variation is unsystematic. These results should sound a note of caution for comparative studies
based on phoneme inventories, which we suggest need to take the question of comparability more
seriously. We make a number of proposals for improving the comparability of phoneme inventories.

1 Introduction
For a century now, the phoneme has been the most frequently employed means of representing sound in
linguistic descriptions. Phoneme inventories are the sets of phonemes associated with a given language
variety and are frequently included in grammatical descriptions and phonological illustrations, typically in
the form of charts such as those used to present the International Phonetic Alphabet (IPA, Handbook of
the IPA 1999). The widespread availability of phoneme inventories and their highly conventionalised
presentation makes them an ideal target for large typological collections, whose compilation dates back
to the late 1970s (Crothers et al. 1979). These collections, whether regionally-focused or global in scope,
collect and display inventories aggregated from the work of multiple authors and sources in a uni�ed
form. The number of these collections has increased over time, particularly with the quantitative turn in
comparative linguistics since the beginning of the 21st century (Levison and Evans 2010), which has led
to an increased use of quantitative methods and the compilation of large typological databases such as
the World Atlas of Language Structures Online (https://wals.info, Dryer and Haspelmath 2013). 

Originally, these collections of phoneme inventories were compiled for applications in phonological
typology, generating and testing hypotheses about the nature of human sound systems (e.g. Crothers
1978; Maddieson 1984). This research has continued up to the present day (e.g. Maddieson 2016;
Easterday 2019; Dediu and Moisik 2019; Johansson et al. 2020), but since most collections are freely
accessible (Donohue et al. 2013 being an exception) and include a large range of different language
varieties, recent years have seen an increase in studies attempting to correlate phoneme inventory data
with other variables, including social factors such as community size (Trudgill 2004, Atkinson 2011;
contra Periclev 2004, Donohue and Nichols 2011; Moran et al. 2012),  subsistence strategies (e.g. Blasi et
al. 2019; Everett and Chen 2021), and ecology (Maddieson and Coupé 2015; Everett et al. 2015; Everett
2017). In some cases, phoneme inventories have been used in studies of gene-culture coevolution
(Creanza et al. 2015), or as a shortcut for language comparison, with application to human prehistory

https://wals.info/
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(Atkinson 2011, Ceolin et al. 2020). This has led at times to very far-fetched claims, such as the attempt
by DeMille et al. (2018) to correlate speci�c regulatory genes with phoneme distributions, or the claim by
Georgiou and Kilani (2020) that the transmission of COVID-19 was favoured by the presence of aspirated
consonants in a sample of a few dozen languages.

In spite of this integral role that phoneme inventories have played in studies on such a broad range of
topics, re�ection on the overall comparability of phoneme inventory data has been lacking. It is rather
taken for granted that phoneme inventory data is reliable, or at least su�ciently so to put the results of
these investigations on a �rm footing. This high trust in the robustness of phoneme inventories as data is
surprising in the light of phonological theory, where scholars have long argued that phoneme inventories
cannot be extracted from spoken languages in the same way in which one might measure physical
entities such as mass and temperature. A phoneme inventory is the product of a linguistic analysis in
which the practice of individual linguists can impact results in a non-trivial way. These differences of
linguistic analysis are liable to affect the results of secondary studies which make use of phoneme
inventory data, especially when these treat phonemes as independent characters, or which compare
inventories on the basis of size.

The phoneme concept underwent extensive theoretical elaboration by linguists from the 1920s onwards
and different schools of structuralism held sometimes quite varying positions on the nature of the
phoneme. Key disagreements included whether the phoneme was a physical or mental entity (see
Twaddell 1935; Halle 1963); whether it can be considered to have positive substantive content or is
de�ned in relation to other terms within a system (see the discussion in Anderson 1985). There was also
a vivid methodological debate on the problems of establishing what is phonemic (e.g. Sapir 1933, Chao
1934) and how the phoneme system of a language should be determined (e.g. Harris 1951, Reformatsky
1970).

These debates are relevant to the question of comparability. If the phoneme is to be de�ned negatively, in
terms of its relationship to other terms within a system, as was the position of the most in�uential
European structuralists (Saussure 1916; Hjelmslev 1943; Trubetzkoy 1939), then individual phonemes in
different languages are not strictly commensurable (Simpson 1999), and it is rather only systems that
can be validly compared (see also Sapir 1925). The opposing position is rather that the phoneme is
positively de�ned as having phonetic substance, a view held by a good number of structuralists of
different schools   (Baudouin de Courtenay 1894; Bloom�eld 1933; Jones 1950) and advocated for by
Maddieson (1984: 160), who states that “phonological segments can (and should) be characterised by
phonetic attributes”. It should be noted that most contemporary approaches to phonology do not privilege
the phoneme as a representational technology and there has been some recent debate on how
phonological comparison might proceed without using the classical phoneme (i.a. Vaux 2009, Kiparsky
2018). 

For the purposes of this paper we assume that the terms of phoneme inventories can be compared in
theory. Our goal is rather to investigate the robustness of this comparison in practice. However, some of
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the insights of the structuralists are relevant to our study. Since Chao (1934), linguists have recognised
that multiple phonemic solutions are possible for any given language, distinguishing between
overanalysis, whereby a phonetically simple span is represented using multiple symbols, and
underanalysis, whereby a phonetically compound span is represented using a single symbol. This
distinction is particularly pertinent for the analysis of entities such as those that, if analysed as unit
phonemes, are termed long vowels and diphthongs, geminate consonants, affricates, prenasalised
segments, and segments with secondary localisation. Analytical decisions over whether to overanalyse or

underanalyse in a given instance can lead to considerable differences between inventories.
[1]

A prerequisite for the comparison of  phoneme inventories across different language varieties is some
certainty that phoneme inventories compiled from different sources for the same language variety do not
show signi�cant variation. Cross-linguistic studies rest on the implicit assumption that data for individual
varieties are robust and reliable. However, given these known theoretical  problems of phonemic analysis,
it is worth testing the extent to which this assumption holds. In order to evaluate the degree of variation in
phoneme inventories for individual varieties, we have applied standardisation and normalisation
procedures to four datasets derived from large phoneme inventory collections. These techniques allow us
to evaluate the robustness of inventory data compiled by different authors and derived from various
sources. 

In discussing the comparability of phoneme inventories, we have to distinguish two separate, though
related types of comparability. Firstly, there is what we might call systemic comparability: to what extent
do two inventories re�ect the same underlying analysis of the sound system of a given language?
Secondly, there is what we might call graphemic comparability: to what extent are the actual symbols
used for cognate characters in two inventories the same? 

Comparing the systemic properties of phoneme inventories is not a straightforward enterprise. The
system of oppositions underlying the phonemic system of different language varieties cannot easily be
compared, as they re�ect different underlying patterns of allophony and underspeci�cation. The same
grapheme may be used to represent phonemes with radically different ranges of realisation, while
different graphemes may be used to represent phonemes with similar function (List 2019), at the same
‘point in the pattern’ to use the terminology of Sapir in the very �rst issue of Language (Sapir 1925). For
this reason, we have relied primarily on inventory sizes as a proxy for systemic comparability. While we
recognise the limitations of this, it is also the case that many secondary studies using phoneme inventory
data use inventory size as a variable, so this comparison is anyway relevant. As we will show, phoneme
inventory sizes varies widely in our sample even for very well-described languages.

While graphemic comparability is more tractable, in that it involves comparing individual symbols and
not systemic properties, it nevertheless presents a considerable practical challenge. There is great
diversity with respect to the number of graphemes used in the larger collections, which can easily reach
more than 1000 or 2000 (see the overview in Anderson et al. 2018). Firstly we use a strict similarity
measure based on the Jaccard similarity (see Batagelj and Bren 1995), treating inventories as sets of
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graphemes. Secondly, we use an approximate similarity measure, which aims to capture cases in which it
is likely that a high degree of system comparability has been obscured by different transcriptional
practice, e.g. the use of symbols for alveolar stops /t, d/ and dental stops /t , d / for functionally
equivalent phonemes. This measure determines approximate matches between the sounds in two
inventories and assigns them distinct similarity scores derived from their feature values. 

In the following, we will describe the datasets used in this study, explain how they were normalised and
standardised, and illustrate how we use them to measure phoneme inventory comparability for
supposedly identical language varieties. We then present our results and discuss some of the reasons
behind them. We conclude by proposing some new ideas regarding the compilation, application, and
interpretation of phoneme inventories in the linguistic literature and beyond.

[1]
 An example from our data illustrating overanalysis and underanalysis comes from the treatment of the

Journal of the International Phonetic Association descriptions of Lizu and Ersu (Chirkova and Chen 2013;
Chirkova et al. 2015) in Baird et. al (2021). Prenasalised segments are overanalysed in Lizu, being
 treated as clusters of /N/ plus obstruent, while in Ersu they are underanalysed, being treated as unit
phonemes, /Np , Nb, Nt  etc./. While these languages are closely related and have similar phonologies,
the result of these analytical choices means that Lizu has 48 phonemes and Ersu 62.

2 Materials And Methods

2.1 Materials
For our study, we extracted four distinct datasets from published phoneme inventory collections with
global scope. JIPA provides a collection of 131 phoneme inventories extracted from the well-known
Illustrations of the IPA series in the Journal of the International Phonetic Association, coded by Baird et al.
(2021). LAPSyD, the Lyon-Albuquerque Phonological Systems Database (Maddieson et al. 2013,
http://www.lapsyd.ddl.cnrs.fr/lapsyd/) consists of 584 sound inventories which we extracted from the
original database. Two additional datasets were extracted from PHOIBLE, Phonetic Information Base and
Lexicon (Moran and McCloy 2019, https://phoible.org), which provides a uni�ed presentation for a
number of distinct collections, including earlier ones (such as the Stanford Phonology Archive, Crothers et
al. 1979) and collections with an areal focus. From this, we extracted UPSID, the UCLA Phonological
Segment Inventory Database (Maddieson 1984, expanded by Maddieson and Precoda 1990), which is a
widely cited phoneme collection of 449 inventories and was a constituent part of the �rst version of
PHOIBLE (see Moran 2012 for details). It should be noted that UPSID and LAPSyD have the same primary
coder, Ian Maddieson. We also extracted a fourth dataset from PHOIBLE, derived from three distinct
collections. These are labelled in the original resource as PH, collected by Steven Moran for his 2012
thesis, UZ, material collected by Moran while working at the University of Zurich with the aim of �lling
genealogical gaps in the existing dataset, and GM, material collected by Christopher Green and Moran
with the goal of attaining pan-Africa coverage (see Moran et al. 2014 for details). In total, these three
subsets contain 872 language varieties and they are treated as a single resource here, labelled PH-UZ-GM
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in what follows. The justi�cation for this is that they all have the same primary coder, Steven Moran, and
follow the same coding principles, while other collections in PHOIBLE come from different sources using
correspondingly different coding principles.

As can be seen from the comparison of the data in Table 1, the datasets differ substantially in terms of
their size and their number of transcribed sounds. Although offered in digital form, substantial efforts in
terms of standardisation were required to make them comparable. These are described in the following
section.

Table 1
Overview of the datasets used in this study

Dataset Description Varieties Sounds Source

UPSID UCLA Phonological Segment
Inventory Database as provided by
PHOIBLE

451 848 Maddieson 1984 and
Maddieson and Precoda
1990, provided by Moran et
al. 2014

LAPSyD Lyon-Albuquerque Phonological
Systems Database.

583 810 Maddieson et al. 2013

PH-UZ-
GM

Core data collected for PHOIBLE. 872 1445 Moran and McCloy 2019

JIPA Illustrations of the IPA series in the
Journal of the IPA.

159 957 Baird et al. 2021

2.2 Methods

2.2.1 Standardising phoneme inventory data
Having access to different datasets in digital form does not guarantee that one can directly compare
them and this is true also for the phoneme inventory datasets we selected for our study. The main
obstacles for data comparison we encountered included (1) the harmonisation of transcription systems,
(2) the identi�cation of language varieties across datasets, and (3) the identi�cation of individual sources
from which the individual phoneme inventories were derived. In order to guarantee that the original data
is truthfully re�ected, it is furthermore important to preserve the original format.

The most challenging part of the data standardisation was the harmonisation of transcription systems.
Although all four datasets we selected make use of the International Phonetic Alphabet (IPA), the
concrete use of the IPA can differ drastically at times, ranging from differences in Unicode normalisation,
via inherent ambiguities of the IPA itself, up to different interpretations of how the IPA should be used
(see Moran and Cysouw 2018). Thus, while there may be only one way to write a nasalised unrounded
open front vowel [ã], there are two ways to write it on a computer, one consisting of two symbols < a> (U + 
0061) and the diacritic marker < > (U + 0303), and one where there is a sole codepoint <ã> (U + 00E3).
Additionally, the IPA offers two diacritics to indicate breathiness, < > (U + 0324) and < > (U + 02B1),
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which means that < d > and < d > essentially refer to the same sound. Last but not least, the IPA does not
provide a preferred order by which multiple diacritics should be combined. As a result, it is not clear if one
should write a sound such as a labialised aspirated velar stop as < k > or as < k >, and on occasion one
can encounter both variants in the same dataset.

In order to address these very practical problems with phonetic transcription systems such as the IPA, the
Cross-Linguistic Transcription Systems project (CLTS, https://clts.clld.org, [si  l ti  s] List et al. 2021, see
Anderson et al. 2018 for a description of the main goals) provides a reference catalogue for the handling
of speech sounds. CLTS also offers a speci�c version of the IPA, labelled B(road)IPA, which directly
addresses these inconsistencies and describes more than 8000 different possible speech sounds with the
help of a pragmatic feature system derived from the features inherently used in the IPA. In the BIPA
transcription of the CLTS, <ã> is always represented by two codepoints, < > is the only diacritic allowed to
indicate breathiness on consonants, and < > is the prescribed order of the diacritics < > and < >. CLTS
does not only de�ne these conventions, but also offers code and web-based applications that help
scholars to check if their data conforms to the standards de�ned by the reference catalogue. In addition,
CLTS offers explicit mappings between the transcription data employed in various phoneme inventory
datasets and the BIPA transcription that lies at the core of the initiative.

Despite its relative completeness, the CLTS reference catalogue could not be used directly to compare the
datasets in our study, since the mapping to the three phoneme inventory collections from which the four
datasets were derived still showed too many gaps. In order to cope with this, we therefore expanded the
current CLTS catalogue considerably, adding and re�ning mappings, and also modifying the code base
which is needed to test the underlying data. The re�ned reference catalogue is submitted along with the
supplemental material accompanying this study. In the future, we plan to offer our re�nements to the
CLTS project. Table 2 provides an overview of the results of the mapping procedure. More information on
the improved version of the CLTS data can be found in the Appendix A.

Table 2
Statistics for mapping the three data collections to the CLTS reference catalogue
Dataset Graphemes CLTS Sounds Mapped Unmapped Coverage

LAPSyD 894 840 894 0 100%

PHOIBLE 3182 2756 3094 86 97%

JIPA 962 826 942 20 98%

At this point, we extracted two distinct datasets from the PHOIBLE collection: UPSID and PH-UZ-GM. In
order to allow for a direct comparison of phoneme inventories compiled independently for the same
language varieties, we used the Glottocodes (https://glottolog.org, Hammarström et al. 2020) provided in
the PHOIBLE database and derived Glottocodes from the ISO codes provided along with the LAPSyD and
the JIPA datasets.
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The identi�cation of common sources was more demanding, since sources are often provided in different
formats and styles. Data in PHOIBLE usually provides sources in BibTeX format, and for the JIPA
resources, it was straightforward to retrieve the data in this form, since all articles from which the
inventories were derived have their distinct Digital Object Identi�er (DOI). For the LAPSyD resource, the
references had to be converted to BibTeX format in a semi-automated way. Having converted a source to
BibTeX does not guarantee the direct comparability, since scholars may differ in the way in which articles
are quoted or the author is referred to. Nevertheless, since BibTeX offers uni�ed �elds for typical roles
such as Author, Year, and Journal, having access to bibliographic data in standardised form greatly eases
the qualitative comparison of phoneme inventories across different datasets. Our datasets differ
somewhat in their use of sources. While UZ-PH-GM and JIPA have one source per inventory, describing a
distinct doculect, UPSID and LAPSyD often rely on multiple sources, with inconsistencies normalised by
the coder (in the latter case often quite explicitly in the associated notes).

Since in our improved CLTS datasets we were still left with some graphemes that could not be
harmonised across all datasets, we selected those inventories for our study for which all graphemes
could be fully represented in the improved CLTS system. From the remaining inventories we considered
only segmental phonemes, i.e. consonants and vowels (including diphthongs), ignoring tone and other
suprasegmental features. Table 3 summarises the number of languages included in our datasets.

Table 3
Summary of key features of our datasets after lifting and standardisation

Dataset Number of
varieties

With
Glottocode

Mapped to
CLTS

Distinct
Glottocodes

Excluded

UPSID 451 451 450 450 1

LAPSyD 584 584 584 584 0

PH-UZ-
GM

932 932 899 841 33

JIPA 159 155 147 144 12

Providing this consistent mapping of language varieties and transcriptions for the four datasets was a
necessary prerequisite to directly comparing them. In order to allow for a convenient access to these
mappings via software packages, we furthermore converted the JIPA and the LAPSyD data to the
standard formats proposed by the Cross-Linguistic Data Formats initiative (CLDF, https://cldf.clld.org,
Forkel et al. 2018). The PHOIBLE data did not need conversion, since it was already available in CLDF
format. CLDF proposes standard table formats to render cross-linguistic datasets of various types,
including, among others, wordlists, structural datasets, and dictionaries. Phoneme inventory data is
treated as a structural dataset in which the parameters are provided in the form of features. In order to
convert the data into the CLDF format, the CLDFBench package (https://github.com/cldf/cldfbench,
Forkel and List 2020) was used. Once a dataset has been converted to CLDF, it can be conveniently used
in a uniform way from within Python applications. Appendix B provides more information on all CLDF
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datasets used in this study along with additional explanations and information on their structure and
how they can be accessed from Python.

2.2.2 Comparing phoneme inventories
By mapping all four datasets to the standards proposed by the CLTS project, we increase the
comparability of the phoneme inventories in our four datasets and allow for direct access to the feature
system covering the sounds of the improved CLTS catalogue. We can then directly compute certain basic
statistics, such as inventory sizes for vowels and consonants, but also more complex statistics based on
the presence or absence of certain features.

We �rstly computed the overall inventory sizes by counting the number of graphemes for each inventory.
This is also a useful proxy for systemic similarity, as similar phonemic systems will tend to have a similar
number of phonemes, even if the graphemes used in these may differ. Using the feature system of CLTS
we also computed consonant inventory sizes and vowel inventory sizes for each inventory, with the latter
including diphthongs.

While the computation of inventory sizes is straightforward, it is not a very exact measure, given that two
inventories can be the same size but still contain completely different sounds. A more re�ned measure to
compare similarity is thus needed and for this we measured the Jaccard similarity (Batagelj and Brem
1995) between two phoneme inventories. This is de�ned as the division of the number of common
elements in two sets by the number of unique elements in total. If two sets are identical, the Jaccard
similarity is 1, if they have no element in common, the Jaccard similarity is 0. Computing the Jaccard
similarity is straightforward and can be done both for the graphemes originally extracted, and for those
graphemes mapped to the CLTS catalogue. As this metric accepts as similar only those sounds which are
identical in their graphemic representations, we call it a strict similarity metric.

When considering only the sounds mapped to the CLTS catalogue, more sophisticated similarity
measures can be computed. For this purpose, we de�ned a weighted Jaccard similarity, which takes into
account the similarity of sounds with respect to their representation in the CLTS feature system. The
procedure starts by selecting one sound of the �rst inventory and then iterating over all sounds in the
other inventory, searching for the sound with the highest similarity. Once this sound has been identi�ed, it
is removed from the second inventory, and the similarity between the two sounds is stored in a list.
Remaining sounds that cannot be further matched between the two inventories are given a similarity
rating of 0 and also added to the list. The overall similarity between two inventories is then computed by
taking the mean similarity attested in the list. Similarity between individual sounds is computed by taking
the Jaccard similarity of the CLTS feature values of the two sounds. Since the score may depend on the
order by which inventories are selected, we compute two scores, one starting from the �rst, and one
starting from the second inventory and then take the average similarity score. Since this kind of inventory
similarity uses approximate similarities between individual sounds based on their feature values, we call
it approximate similarity.
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In order to contrast the differences between strict and approximate inventory similarities, consider two
�ctitious inventories, one consisting of the phonemes /a e i u p t k/ and one consisting of the phonemes
/a e i u b d g/. Since both inventories have four phonemes in common, i.e. /a e i u/, and the total number
of distinct phonemes is ten, we divide 4 by 10 and receive a strict similarity score of 0.4. For the
approximate similarity, all four phonemes which the two systems have in common are added to the list
with a similarity score of 1. The remaining three phonemes can be matched with each other, with the
closest matches consisting of the pairing of /p/ with /b/, /t/ with /d/, and /k/ with /g/. Each of these is
de�ned by four features (type, place, manner, voicing), and each pair differs only with respect to voicing.
As a result, we have a total of �ve distinct feature values and three matches, which means that the
similarity is 3/5 = 0.6. We thus add three times 0.6 to our list of similarity scores [1, 1, 1, 1, 0.6, 0.6, 0.6].
Taking the average of the values on these lists yields a similarity score of 0.83. Appendix C illustrates
how one can compute strict and approximate similarities from individual sound inventories in Python.

2.2.3 Inspecting phoneme inventories
To allow for convenient inspection of the phoneme inventories, we created an interactive JavaScript
application that can be used in standard web browsers. The application allows users to search for
language varieties by their Glottocode or by their name. Once selected, it displays all language varieties
that have been assigned the same Glottocode in one of the four datasets, along with the original
graphemes and their standardised CLTS counterparts. If more than one variety can be identi�ed, the
varieties are furthermore compared by our strict inventory similarity measure which is applied both to the
original graphemes and to the standardised CLTS sounds. In order to allow for a convenient qualitative
inspection of the data, matching and non-matching sounds are displayed in tables, illustrating also the
impact of our CLTS normalisation on the comparability of phoneme inventories. Additional information
for the different language varieties sharing the same Glottocode is displayed in tabular form. Important in
this context is the source information, which cannot be trivially compared automatically, but which allows
human experts to quickly check to which degree inventories were drawn from the same or different
sources. Figure 1 shows a screenshot of the web application. The web application has been submitted
along with the supplemental material accompanying this study and can be used by unpacking the
archive and opening the �le index.html in a web browser or can be accessed online at
https://phonemeinventory.netlify.app.

2.2.4 Comparing phoneme inventories across datasets
In order to compare phoneme inventories for the same language variety across different datasets, we �rst
have to identify the number of varieties that can be compared with each other for each of the four
datasets. Since we use Glottocodes to identify identical language varieties across datasets, it is
important to handle those cases where a given dataset has two or more inventories for the same
Glottocode. When computing general systemic statistics (inventory sizes for sounds, vowels, and
consonants) from the inventory datasets, we decided to aggregate the data by using the median value,
rather than including all possible pairings for individual language varieties in two datasets, or excluding
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these data points. The former might result in an overcounting of outliers, while the latter would reduce our
comparative basis. When comparing direct strict and approximate similarities among datasets, we
compare all varieties corresponding to one Glottocode in one dataset with all varieties corresponding to
the same Glottocode in the other dataset and then calculate the mean of the similarity score. Table 4
provides general mutual coverage statistics for the comparison of the four datasets.

Table 4
Mutual coverage statistics for the four datasets. The

values show the number of distinct language varieties
per dataset and the number of Glottocode matches

between them

  UPSID LAPSyD PH-UZ-GM JIPA

UPSID 450      

LAPSyD 304 584    

PH-UZ-GM 54 119 841  

JIPA 37 56 87 144

The differences in mutual coverage are to be expected. The LAPSyD dataset is a development of the
UPSID dataset with the same primary coder (Ian Maddieson), and draws on many of the same sources,
so it is no surprise that we �nd a high degree of mutual coverage between these datasets. On the other
hand, the low mutual coverage between UPSID (and by extension LAPSyD) and PH-UZ-GM is likely to
derive at least in part from the stated aim of PHOIBLE to �ll gaps in the UPSID coverage. As for the high
mutual coverage between PH-UZ-GM and JIPA, this is likely a result of the compilers of PH-UZ-GM
targeting the Illustrations of the Journal of the IPA, given their high quality and accessibility as a source
of phonemic inventories. It should be noted also that the JIPA dataset is not very well balanced in terms
of its genealogical coverage (see Baird et al. 2021), with a very high proportion of Indo-European
languages, while the UPSID and LAPSyD datasets have a more balanced genealogical sample. This
regional bias, alongside the fact that many of the source materials for JIPA had not yet been published by
the time that UPSID was completed, may account for the relatively low mutual coverage between these
datasets.

2.2.5 Implementation
The normalisation of the datasets was carried out with the help of the CLDFBench software package in
individual repositories. The mapping to the BIPA transcription system of CLTS was implemented in the
improved version of CLTS, accompanied by an improved software package to curate and analyse the
data. The supplementary material accompanying this study contains the newly contained datasets along
with the code to convert the data into CLDF packages, as well as additional code to carry out all analyses
reported in this study. It has been submitted to the Open Science Framework and can be downloaded
from https://osf.io/25k7f/?view_only=e57456a73c8a4aed8c2d899ca7d7e3dd. The appendix
accompanying this study contains additional information, the data, and the code.
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3 Results
As a �rst test, we computed inventory sizes from the data, and then tested the Spearman rank correlation
between all four datasets. The results of this analysis are given in Table 5. As can be seen from the table,
there are positive correlations with respect to inventory size between all datasets. However, there is a
considerable degree of variation, with a range from 0.48 and 0.84 for all sounds, from 0.62 to 0.90 for
consonants, and from 0.63 to 0.87 for vowels (including diphthongs). These correlations are visualised in
Fig. 2. The correlations are in general relatively low and while there is some variation in the correlations
for consonant and vowel inventories considered separately, no consistent trend can be observed.

The high correlation in inventory sizes between UPSID and LAPSyD likely results in part from the
genealogical relationship between these two datasets. UPSID inventories also differ considerably from
those of the other two datasets however, while the correlations between LAPSyD, JIPA, and PH-UZ-GM are
broadly comparable. All in all, these results are rather discouraging: while there is a correlation between
consonant and vowel inventory sizes for the same language varieties across the different datasets, this
correlation is lower than one might have expected.

Table 5
Correlations in size for complete inventory, consonant inventory, and vowel inventory. All correlations are

highly signi�cant with p-values below 0.005 (see Appendix E2)
Type UPSID –

LAPSyD
UPSID – PH-
UZ-GM

UPSID –
JIPA

LAPSyD –
PH-UZ-GM

LAPSyD
– JIPA

PH-UZ-GM
– JIPA

Sample 304 54 37 119 56 87

All sounds 0.84 0.62 0.48 0.84 0.84 0.84

Consonants 0.90 0.62 0.65 0.87 0.84 0.80

Vowels 0.72 0.69 0.64 0.70 0.87 0.85

As a further way to visualise the differences found, Fig. 3 provides geographic maps of the calculated
differences between individual varieties in all six combinations of the four datasets. As can be seen from
this �gure, it is hard to detect clear trends in the comparison. No obvious geographical tendency emerges.
All in all, however, we can see that the differences in inventory sizes for individual language varieties are
disappointingly high in all comparisons.

As a next step, we investigated the similarities of phoneme inventories across datasets. Here, we provide
the strict and approximate similarities in Table 6, computed for all phonemes in the samples. We can �nd
a similar trend with respect to those pairings that showed low correlations in Table 5, especially re�ected
in the low strict and approximate similarity scores of pairings involving the UPSID database, especially so
with JIPA and PH-UZ-GM. Given the notable differences in strict and approximate similarities, we can also
see the direct bene�ts of harmonising the transcription systems by mapping them to CLTS. All in all,
these results are much lower than one might have expected. We note quite drastic differences in the way
in which phoneme inventories for supposedly identical language varieties have been coded.
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Table 6
Strict and approximate similarities for all pairs of language varieties in the datasets

Similarity Type UPSID –
LAPSyD

UPSID –
PH-UZ-
GM

UPSID
–
JIPA

LAPSyD –
PH-UZ-GM

LAPSyD
– JIPA

PH-UZ-
GM –
JIPA

strict Sounds 0.67 0.49 0.43 0.64 0.64 0.71

Consonants 0.77 0.56 0.50 0.65 0.65 0.74

Vowels 0.50 0.37 0.32 0.67 0.69 0.72

approximate Sounds 0.83 0.70 0.68 0.79 0.80 0.86

Consonants 0.87 0.74 0.72 0.81 0.81 0.87

Vowels 0.73 0.60 0.60 0.79 0.82 0.85

In order to check if any systematic differences in the datasets could be observed, we computed the
average size for the total inventory, consonants, and vowels, for each of the four datasets, as well as the
proportions of language varieties with long consonants, long vowels, and with diphthongs in all datasets.
The results of this computation are given in Table 7. Here, we see striking differences between the
datasets, with respect to the average sizes, with a range between an average of 30.95 sounds per
inventory in UPSID to an average of 41.63 in JIPA. In general, LAPSyD and UPSID have many fewer
sounds than PH-UZ-GM and JIPA. In fact, the average inventory in UPSID is less than three quarters the
size of the average inventory in JIPA. The differences in size hold for both consonants and vowels.

Table 7
Mean numbers of sounds, consonants, and vowels per inventory in each of our four datasets, as well
as the proportions of language varieties containing long consonants, long vowels, and diphthongs.

Dataset Average Sizes Proportions

Sounds Consonants Vowels Long consonants Long vowels Diphthongs

UPSID 30.95 22.44 8.5 0.03 0.11 0.11

LAPSyD 31.29 21.44 9.85 0.01 0.4 0.12

PH-UZ-GM 37.01 25.91 11.11 0.08 0.39 0.12

JIPA 41.63 28.62 13 0.17 0.42 0.31

The comparison of the proportions of varieties with long consonants and vowels as well as diphthongs
also show considerable differences between the four datasets. In particular, the inventories in USPID and
LAPSyD very rarely include long consonants, while these are considerably more frequent in PH-UZ-GM
and, especially, in JIPA. Also, long vowels are much less frequent in UPSID than in the other datasets.
Finally, diphthongs are much more common in JIPA than in the other three datasets.
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It is clear that these differences are likely to contribute to the relatively low correlations for inventory size
and inventory similarity. They are discussed further below.

4 Discussion
We aimed to compare inventories along two different axes of comparability. The �rst axis is systemic
comparability, or the extent to which two different inventories re�ect the same underlying analysis of a
given language. The second axis is graphemic comparability, the extent to which the same graphemes
are used to represent equivalent ‘points in the pattern’. Our results show sometimes quite striking
variation on both axes. On the one hand there is considerable variation in inventory size for different
inventories for the same language, suggesting low systemic comparability. On the other hand, even when
inventories for a given language re�ect the same underlying analysis, we �nd low graphemic
comparability, as shown by the strict similarity scores we have reported.

The following sections discuss some of the reasons for the variation we �nd across our dataset. Some of
this variation appears to result from the use of di�erent source material and is discussed in Sect. 4.1.
However, further variation stems from differing interpretation of the same source material, i.e. the same
sources are used, but different inventories are coded. This is discussed in 4.2. A particularly important
source of variation in this regard is the treatment of consonant and vowel length, which is dealt with in
Sect. 4.3. Section 4.4 examines rather graphemic variation, especially variation resulting from the use of
graphemes of different phonetic speci�cation to represent the phonemes of the same underlying
analysis.

4.1 Systemic variation: different source material
The phoneme is �rst and foremost a technology of linguistic description, and phoneme inventories have
the primary function of presenting, in a well-ordered way, information about the sound system of a
speci�c language variety. Individual linguists vary in terms of their theoretical proclivities and aesthetic
preferences and consequently differ in their analytical choices when drawing up phonemic descriptions.
For this reason alone one might expect a degree of systemic variation in the inventories given in
published sources for any given language: different sources may present different phonemic systems.

Different phonemic analyses in source material may be faithfully re�ected in our datasets. For Bemba
(bemb1257) there is a series of prenasalised consonants in the JIPA inventory that are absent in the UZ-
PH-GM one, re�ecting analytical choices in the original sources for these inventories (Hamann and Kula
2015 and Kula 2002 respectively). Even though there are no further differences between the inventories,
this pushes their strict similarity score down to 0.69. Similarly, for Ukrainian (ukra1253), the JIPA
inventory includes a palatalised series of consonants that is not present in the UZ-PH-GM one, which is
drawn from a different source. Combined with different transcriptional choices for other segments, this
pushes the strict similarity as low as 0.37.
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Impressionistically, differences in original source material are likely to be especially pertinent to the
divergence of UPSID from the other datasets, seeing as UPSID was completed in 1984 and is by now a
legacy dataset, while the JIPA dataset comes from very recent work, and LAPSyD and the sections of
PHOIBLE extracted for the current study are under continual development. This means that the compilers
of the latter three datasets were able to draw on a wider range of sources, and often more detailed and
comprehensive ones, than were available during the development of UPSID.

There is a high degree of mutual coverage between the UPSID and LAPSyD, as these have the same
principal coder, and some differences in inventories for the same language in these datasets are driven by
the fact that he was able to draw on a larger range of sources in developing LAPSyD. The inventories for
San Miguel el Grande Mixtec (sanm1295) illustrate a case in which UPSID draws on more limited and
earlier source material. Here the UPSID inventory can draw on only a single journal article (Hunter and
Pike 1969), while the LAPSyD one has recourse to a more comprehensive grammatical description
(Macaulay 1996) and an in-depth phonetic study led by the same author (Macaulay and Salmons 1995).
This leads to very different resulting inventories: the strict similarity score between the UPSID and
LAPSyD inventories for this language is only 0.24.

4.2 Systemic variation: different interpretation of the same
source material
However, a high degree of systemic variation can occur even when the same source material is used. One
cause of variation arises from different interpretations of what should be considered phonemic. This
often leads to inventories for the same language, drawn from the same source material, in which one
dataset has an entire series of vowels or consonants lacking in another, leading often to considerable
divergence in inventory size. Some of this variation appears to be quite irregular.

Sometimes, the inventory in one dataset has an entire series of consonants lacking in another. Examples
are not di�cult to �nd. For Mambay (mamb1294) JIPA has a series of pharyngealised vowels, lacking in
UZ-PH-GM; while for Tamil (tami1289) LAPSyD and UZ-PH-GM have a voiced series of consonants not
found in the JIPA inventory. The inclusion of an extra series of consonants can result in dramatically
different inventory sizes, particularly if it concerns secondary localisation. For example, for Arrernte
(east2379) JIPA has a full labialised series of consonants, and some palatalised ones, having thus 52
phonemes, while UZ-PH-GM does not, having only 31; for Tangale (nucl1696) the 58 phonemes in UZ-PH-
GM includes a labialised series of consonants, absent in LAPSyD, which has only 41 phonemes; while for
Siwi (siwi1239) it is rather LAPSyD that includes a labialised series, alongside some palatalised ones, for
38 consonants in total, while UZ-PH-GM, without these, has only 26 consonants.

While the examples above show variation between datasets due to different source material, we �nd also
considerable variation when datasets share the same source. Even between LAPSyD and UPSID,
examples are numerous, including Achuwami (achu1247), where LAPSyD includes 39 phonemes and
UPSID 23, with a strict similarity of 0.32; Khalkha (halh1238), where LAPSyD has 53 phonemes and
UPSID 33, with a strict similarity of 0.31; Kurukh (kuru1302), where LAPSyD has 52 phonemes and UPSID
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32, with a strict similarity of 0.35. Although the LAPSyD inventories are usually larger than their UPSID
counterparts, the situation may be reversed: such is the case with Wichita (wich1280), where LAPSyD has
16 phonemes and UPSID 29, with a strict similarity of only 0.18.

Our results also found some predictable variation between the datasets, both in terms of the average
numbers of phonemes per language and in differing treatment of consonant length, vowel length, and
diphthongs. With respect to long consonants, LAPSyD has them in only 1.2% of inventories and UPSID in
only 2.67% of inventories, while they occur much more frequently in the other two datasets: in 8.01% of
inventories in PH-UZ-GM and in 17.01% of those in JIPA. Careful perusal of the data shows that the
relationship between LAPSyD, PH-UZ-GM and JIPA with respect to long consonants can be stated
implicationally: if LAPSyD marks consonant length, both PH-UZ-GM and JIPA do too, and if PH-UZ-GM
marks consonant length then JIPA also does.

With respect to long vowels, our results showed that UPSID more rarely marks vowel length, doing so in
only 11.33% of inventories, while the corresponding �gures for the other datasets are broadly
comparable: 39.72% for LAPSyD, 38.93% for PH-UZ-GM, and 42.18% for JIPA. This being the case, it is
impossible to predict when one of these three datasets includes long vowels and another does not. For
Central Sama (cent2092) JIPA has long vowels, while PH-UZ-GM does not; for Slovene (slov1268) PH-UZ-
GM has long vowels, while LAPSyD and JIPA do not; and for Comanche (coma1245) LAPSyD has long
vowels, whereas PH-UZ-GM does not.

4.3 Systemic variation: consonant and vowel length
Differing treatments of consonant and vowel length is a particularly common source of systemic
variation in our dataset. Parsing long consonants and diphthongs (and in some cases long vowels as
well) as unit phonemes is an example of underanalysis, i.e. considering a phonetically complex span to
be a single entity, e.g. the long consonant /t /, or the diphthong /ai/. The alternative is overanalysis,
treating such spans as combinations of more than one entity, e.g. /t/ + /t/ or /a/ + /i/. Broadly speaking,
PH-UZ-GM and especially JIPA tend towards underanalysis, while UPSID and LAPSyD tend towards
overanalysis, especially when it comes to the treatment of consonant length.

Some of the most striking examples of variation due to consonant and vowel length, as well as the
treatment of diphthongs come from the JIPA and UZ-PH-GM inventories for Estonian and Danish,
drawing from the same source in each case. For Estonian (esto1258), there is only 0.3 similarity between
the JIPA and UZ-PH-GM inventories. Vowel length is considered phonemic in the JIPA inventory, which
has 70 vowels and 25 consonants, while it is rather consonant length that is understood as phonemic in
the UZ-PH-GM one, with 9 vowels and 45 consonants. For Danish (dani1285), the JIPA and UZ-PH-GM
inventories have a strict similarity score of 0.33. The former has 47 phonemes, including pharyngealised
consonants and vowels but no diphthongs, while the latter does not have these pharyngealised
phonemes but rather 34 diphthongs. While these languages have admittedly created di�culties in
analysis for phonologists (see Kuznetsova 2018) they are also very well-studied and documented,
proving that the problems we identify here do not derive from a lack of scholarly investigation.



Page 17/26

The decision to include long consonants in an inventory frequently has the effect of doubling, or nearly
so, the size of the consonant inventory. For example, while the JIPA, UZ-PH-GM, and LAPSyD inventories
for Kunama (kuna1268) are all drawn from the same source, JIPA includes long consonants, whereas the
other two inventories do not. This means that it includes 53 phonemes, and has a strict similarity of 0.4
with the UZ-PH-GM inventory (31 phonemes) and of 0.49 with the LAPSyD inventory (35 phonemes),
whereas the UZ-PH-GM and LAPSyD pair, both lacking long consonants, have a higher strict similarity of
0.61. Similar examples are relatively frequent: the JIPA inventory for Hungarian (hung1274), with 68
phonemes, has a strict similarity of only 0.33 with the LAPSyD inventory, which has only 40; the UZ-PH-
GM inventory for Tsamai (tsam1247) has 28 long consonants, whereas that of LAPSyD has only 2, with a
strict similarity of 0.5; the UZ-PH-GM inventory for Krongo (kron1241) has 19 long consonants, with none
in LAPSyD, giving a strict similarity is 0.54. In all these cases, the inventories were drawn from the same
source.

4.3 Graphemic variation: degree of phonetic speci�cation
Even where inventories re�ect the same systemic analysis, or a very similar one, there can be
considerable graphemic variation: different graphemes may be used for each ‘point in the pattern’. The
underlying problem here is that phonemes are cover-symbols for a wide number of differing realisations
depending on a very wide variety of factors. Most people collecting phoneme inventories are committed
to using a transcription representing the basic allophone of a given phoneme. However, it is by no means
always clear what that actually is and different researchers vary in their policies. While each of them may
be principled and coherent in their own practice, these practices themselves may differ.

A common problem concerns the degree of phonetic speci�cation of phonemes in the different datasets.
By and large, the graphemes used in PH-UZ-GM tend to carry more phonetic information than those of
JIPA or LAPSyD. This type of variation is quite common with respect to the marking of aspiration on
voiceless stops in languages in which this occurs, and here LAPSyD tends to omit the aspiration. Another
common pattern, although an apparently unsystematic one, is that one inventory presents graphemes
without a dental diacritic, e.g. /t d n/, while another has graphemes with the diacritic, e.g. /t  d  n /.

Differences in the degree of phonetic speci�cation in grapheme choice are illustrated by Standard Arabic
(stan1318), where UZ-PH-GM marks retracted tongue root on consonants, while JIPA does not; by Ega
(egaa1242) where the inclusion of diacritics on vowels in UZ-PH-GM, but not in JIPA, means that only one
of the nine vowels in the language are strictly similar between the two inventories; and by Basque
(basq1248), where UZ-PH-GM uses both apical and dental diacritics, while LAPSyD uses only dental
diacritics.

A subset of this type of variation is the variable marking of aspiration on voiceless stops in languages in
which this occurs. A common pattern observed is for the aspiration to be included in UZ-PH-GM but
absent in LAPSyD, e.g. in German (stan1295), Persian (west2369), Irish (iris1253), Tuvinian (tuvi1240),
Kabiye (kabi1261).
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A further subset concerns the variable presence of dental diacritics on coronal consonants. This appears
to be unsystematic, so for French (stan1290) UZ-PH-GM and LAPSyD have the diacritic but JIPA does not;
for Bardi (bard1255) UZ-PH-GM has the diacritic while JIPA and LAPSyD do not; while for Ersu (ersu1241)
JIPA has the diacritic while UZ-PH-GM does not. Sometimes, the presence or absence in this diacritic can
have quite signi�cant bearing on comparability: while the UZ-PH-GM and JIPA inventories for Jicarilla
Apache are nearly the same size (53 vs 52 phonemes), 15 phonemes are found with the dental diacritic in
the former inventory and without it in the latter, being the major contributing factor in pushing the strict
similarity score down to 0.5.

5 Conclusion
Scholarly work has used phoneme inventories as evidence for studies in a rather wide range of topics,
with an implicit assumption that they constitute a reliable and robust source of data. For these studies,
our results sound a note of caution. We tested inventories for the same languages in different datasets
and found a high degree of variation. While some of this variation re�ects differences in the source
material used to draw up these inventories, much of it is driven rather by differences in the interpretation
of these sources and by the different coding policies used in the collections under investigation.

We believe that our study points to serious rami�cations for all secondary work that is based on phoneme
inventories. Different analyses of the phonology of any given language are not only possible, but
common, and different choices in what is considered phonemic, and what graphemes are used to
represent these make inventory comparison a di�cult enterprise. Inventory size varies considerably
between different inventories for the same language, making this a dubious statistic for cross-linguistic
comparison. Many studies refer to the presence or absence of certain phonemes across different
languages, but the low scores for strict similarity we found mean that the robustness of inferences based
on presence or absence of given graphemes must be questioned. The question of the comparability of
phoneme inventories needs to be taken seriously and more consideration given to how these can be
rendered more comparable in a principled way. Our study provides tools that would allow existing and
new studies to be tested against a variety of datasets.

On this last point, we feel capable of offering some words of hope. As our results show, the various
normalisation attempts that we have carried out, speci�cally those based on our enhanced version of the
Cross-Linguistic Transcription Systems originally proposed by Anderson et al. (2018) have been shown to
play a very signi�cant role in increasing the comparability of inventories in our study. We hope that this
study may help to raise awareness among scholars of some of the problems of using aggregated
phoneme inventory data without re�ection on the theoretical and practical issues surrounding its
comparability.
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Supplementary Files
This study is accompanied by supplementary materials submitted to the Open Science Framework at
https://osf.io/thukn/?view_only=35a40d1e4df3463ea54a08243947aeec. This repository includes the
data used in this study as well as the code needed to replicate the experiments carried out and
instructions how to do so. Also included as a �le in this repository is the appendix referred to in the text
(Appendix.pdf).

The interactive web application for inspecting the phoneme inventories for this study can be accessed at
https://phonemeinventory.netlify.app.

Figures

Figure 1

Web-based interactive application for inspecting phoneme inventories across sources and datasets,
showing here the LAPSyD and UZ-PH-GM inventories for Kharia
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Figure 2

Comparing phoneme inventory sizes, consonant inventory sizes, and vowel inventory sizes for all six
combinations of datasets
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Figure 3

Comparing individual differences for sound inventory sizes for the six combinations of datasets. Dots
represent language varieties. In the colour bar, red indicates that the �rst inventory is larger than the
second, blue if the second is larger than the �rst, with inventories of equal or very similar size surfacing
as white dots.


