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Abstract. We hypothesize that diachronic change affects phonological inventory
structures leading to the seeming feature economy of synchronic inventories. We
generated feature hierarchies using the Iterative Dichotomiser 3 algorithm with nat-
ural inventories from the PHOIBLE database and randomly generated inventories.
Variance in segment number is both higher and increases more with feature num-
ber for natural languages. This increased variation is partially due to the efficient
utilization of secondary features in larger natural inventories. We argue that feature
economy is emergent from the fact that sound change tends to produce series of
segments, rather than an independent drive towards feature economy.
Keywords. Features; phonological inventories; feature economy; sound change;
typology

1. Introduction. Distinctive features are fundamental in phonology, serving a number of func-
tions: they capture contrast and distinguish phonemes, define natural classes and capture phono-
logical patterns, and describe the phonetic realization of these patterns (Chomsky & Halle 1968;
Clements et al. 2011; Cohn 2011; Ridouane & Clements 2011). They are also central to the struc-
turing and organization of phonological inventories (Clements 2009).

In this paper, we examine one of the feature organizational principles of ‘economy,’ mean-
ing phonological inventories maximize the ratio of the number of phonemes to the number of
features necessary to minimally contrast them (Clements 2003a,b). We investigate whether the
drive towards feature economy is a causal factor in and of itself by comparing natural language
inventories and randomly generated inventories in how efficiently they utilize different features.
We further explore the hypothesis that the manner in which diachronic change affects inventory
structures is a significant factor leading to the seeming feature economy of synchronic inventories
(Greenberg 1969; Easterday & Bybee 2023).

1.1. PHONOLOGICAL INVENTORIES. Typological surveys of phonological inventories show
that languages vary greatly in their number of segments. Maddieson (1984) references the UCLA
Phonological Segment Inventory Database (UPSID) of 317 languages and finds that the smallest
language inventories have 11 segments (Rotokas, Mura) while the largest has 141 (!Xũ). Despite
this large range of segments, the mean segment number is approximately 31, and a majority of
the languages surveyed have between 20 and 37 segments (Maddieson 1984).

Based on cross-linguistic frequency, articulatory complexity, and ideas of markedness, there
have been various proposals for a basic phonological inventory for the world’s spoken languages.
Maddieson (1984) proposes a 20-consonant inventory based on the phonemes that appear most
frequently in small and large inventories alike. Lindblom & Maddieson (1988) expand on this
framework by considering articulatory complexity, claiming that phonological inventories are
built from a set of approximately 18 “basic articulations” that are present in phonological inven-
tories of all sizes. Large inventories have additional “elaborate articulations” that include addi-
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tional places and manners of articulation as well as phonation types. These elaborate articulations
are introduced to an inventory after the basic articulations have reached a point of saturation.
Thus, a small inventory provides a base that can grow into a large inventory.

Bybee & Easterday (2022) test the ideas of Lindblom & Maddieson (1988) and further hy-
pothesize that large inventories arise from sound changes that occur to consonants in the basic
inventory. Referencing a database with phonetic and allophonic processes observed in 81 lan-
guages, they find evidence to support this; a majority of the “elaborations” described by Lind-
blom & Maddieson (1988) are attested outcomes of phonetic processes in the database. They
then propose a set of “primal consonants” as a basic inventory, which is the list of sounds that are
rarely created in sound change, but frequently create other segments in sound change.

1.2. FEATURES AND FEATURE ECONOMY. Another way to explain the variability in inven-
tory sizes is by analyzing the phonological features that are used in a language. Clements (2009)
outlines five principles for how features fundamentally shape phonological inventories, which
include setting a maximum number of contrastive sounds (the principle of feature bounding),
maximizing feature combinations (feature economy), avoiding particular feature values (marked
feature avoidance), prioritizing highly-valued feature contrasts over less highly-valued contrasts
(robustness), and using marked features to enhance perceptually weak contrasts (phonological
enhancement). Feature economy thus allows for a smaller feature set to account for a large num-
ber of segments.

Previous research has shown that languages tend to exhibit feature economy, though to vari-
ous degrees (Clements 2009), with asymmetry between vowel inventories and consonant invento-
ries (Coupé et al. 2009); when examining how effective features are, vowel inventories are more
economical than consonant ones. Natural language inventories are also more economic than
would be expected by chance (Clements 2003b; Coupé et al. 2009; Mackie & Mielke 2011).
Note that measures of economy will depend on whether segments are fully specified or under-
specified (only distinctive features used), as full specification feature systems are often redundant,
with two segments differing by at least two features (Marsico et al. 2003; Coupé et al. 2009). For
example, Clements (2003a) references [-sonorant] and [+consonantal] as features that are rarely
distinctive and thus don’t create economy effects in themselves; instead, they create classes of
sounds in which other features are distinctive.

Knowing that economy is present in natural language inventories, the question arises: what
is the driving force behind it? Clements (2003a) proposes that economy goes beyond features and
is a phonological universal, functioning as a more general principle of organization. This makes
sense from both a cognitive and a motor efficiency perspective; learning a smaller set of features
and their associated gestures, which can be combined together to create many different sounds,
is less cognitively demanding than having to learn a large set of features and associated gestures.
Lindblom & Maddieson (1988) agree with this point but further argue that consonant inventories
evolve with the goal of achieving maximal perceptual distinctiveness along with minimal artic-
ulatory costs. Others still have argued that there isn’t necessarily an independent drive towards
maximizing feature economy; Bybee & Easterday (2022) raise the point that diachronic sound
change is not “teleological” with the goal of making better sounds. Instead, economy is an emer-
gent property since sound changes typically apply to entire classes of sounds. Nikolaev & Gross-
man (2020) similarly argue that while feature economy can explain many factors of inventory
structuring, it cannot be the only principle, as inventories can also grow through expanding tar-
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geted regions of the segment space, following different organizational principles. It is with these
differing ideas of feature economy that we approach our research questions.

1.3. RESEARCH QUESTIONS.

1. How economical are feature inventories?

Numerous studies have measured and quantified feature economy with different methods. In this
study, we compare natural language inventories and randomly generated inventories in how ef-
ficiently they utilize different features by inferring feature hierarchies for them, as detailed in
Section 2 below. We analyze segment-to-feature ratios and calculate approximately how many
segments are gained per feature added, and how this varies between smaller and larger invento-
ries.

Previous research either focused on the smaller UPSID database (Coupé et al. 2009; Mackie
& Mielke 2011) or focused on a restricted class of segments rather than considering all segments
in an inventory (Coupé et al. 2009; Nikolaev & Grossman 2020). We expand the typological sur-
vey of feature economy by utilizing PHOIBLE (Moran & McCloy 2019), which is a repository of
databases (which includes the UPSID) that, as of version 2.0, includes 3,020 phonological inven-
tories from 2,186 distinct languages. PHOIBLE further provides information on the segments’
distinctive features based on the International Phonetic Association (2005) and Hayes (2009).

2. Is there an independent drive towards feature economy, or is feature economy grounded in
sound change?

We compare features from natural versus random inventories, focusing on which features are the
most overrepresented in random inventories. We then discuss these features and their relation-
ships to sound changes in Section 4.

2. Methods. We examined the PHOIBLE database (Moran & McCloy 2019) to bring these
questions to bear on a comprehensive data set of full phonological inventories. Despite their clear
differences, consonants and vowels are best accounted for with an overlapping set of features
(Clements 1991), and as such it makes sense to include both consonants and vowels when build-
ing a language’s feature hierarchy.

To generate feature hierarchies for the inventories under investigation, we used the Itera-
tive Dichotomiser 3 (ID3) decision tree learning algorithm (Quinlan 1986). ID3 works by recur-
sively splitting the set of phonemes based on which feature split provides the greatest reduction
in system entropy, or in more informal terms, which feature split maximizes the information gain
(Chandlee 2023). This is a principle used extensively in the prior literature on phonological learn-
ing (Goldwater & Johnson 2003; Goldsmith & Riggle 2012). As Chandlee (2023) notes, in prac-
tice the feature hierarchy will be split on whichever feature divides all relevant sets of segments
most evenly. Chandlee (2023) finds that applying ID3 to natural language inventories produces
feature hierarchies that largely mirror analyses made by phonologists. Although ID3 is not guar-
anteed to converge on the minimal set of features like the algorithms used in previous research on
feature economy (Coupé et al. 2009; Mackie & Mielke 2011), it is a simple algorithm that nev-
ertheless provides relatively realistic feature hierarchies, serving as an effective way to derive an
approximate set of features necessary to characterize each segment in phonological inventories.
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It is important to note that the feature hierarchies generated by ID3 are approximations,
and may not match the hierarchy that a phonologist would find after analyzing the relevant lan-
guage; such a feature hierarchy can only be found by examining which features are relevant to
the phonological processes of the individual language (Chandlee 2023), which is infeasible for
the large number of languages analyzed here, and impossible for the random inventories. Never-
theless, the feature hierarchies generated by ID3 do act as good approximations, with an example
hierarchy generated for the Yidiny language (a Pama-Nyungan language spoken in Australia) in
PHOIBLE given in Figure 1.
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Figure 1. Feature hierarchy for Yidiny (Pama-Nyungan, Australia) generated by ID3, requiring
seven features in order: [high], [continuant], [nasal], [anterior], [lateral], [syllabic], [front]

Some characteristics of the generated hierarchy may not match the hierarchy that would be built
on the basis of the natural classes active in Yidiny phonology. For example, it is unclear if Yidiny
treats [+high] consonants and vowels as a natural class, but because the [±high] distinction splits
the inventory approximately into two sets of segments, it was chosen as the most informative fea-
ture by ID3. In addition, the feature [anterior], generally considered a feature only present for
segments specified as [coronal] (Hall 2007:324), was chosen instead of [coronal], a shortcoming
of ID3 noted by Chandlee (2023). While the exact number and set of features chosen is approxi-
mate, the number of features necessary to characterize the inventory and their relative importance
are sufficient for the purposes of this study.

To ensure that ID3 was able to build hierarchies for as many languages as possible, we made
manual corrections to the raw PHOIBLE database. The most major change to the original data
format is that all segments that were originally underspecified for a feature (listed as having a fea-
ture value of 0 in the original PHOIBLE database) were specified as having a negative value for
that feature. In effect, this causes all features to behave as if they are privative for the purposes of
classification; a split is only conditioned on whether a segment is positively valued for a feature
(see Dresher 2009). Retaining the difference between underspecified and negatively valued fea-
tures could have allowed for more realistic feature hierarchies if ID3 were modified, but as is, the
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simplest solution was to treat negatively valued and underspecified features as identical.
Additionally, several segment types in the database were excluded or had their feature values

modified. Tone was excluded entirely since PHOIBLE does not have any tonal features, despite
tonemes occasionally being included in its inventories. Further, some phones in the PHOIBLE
set are complex consonants with separate feature values specified for each subsegment: for ex-
ample, prenasalized segments such as /mb nd Ng/ are listed in PHOIBLE as having a +,- feature
specification for [nasal] and [sonorant]. To build a feature hierarchy, it is necessary that each seg-
ment have a single value specified for each feature. When possible, we corrected complex seg-
ments to have a single value for each feature: prenasalized stops were specified as [+nasal] but
[-sonorant] to distinguish them from both plain stops and nasals. We applied similar corrections
to any complex segments that were amenable to it, but some complex segments could not be eas-
ily accounted for, such as /gv qm xh St/. Languages with such segments were excluded from the
analysis. In addition, some listed segmental contrasts were difficult to represent in terms of the
provided features. It is unclear, for example, what contrastive feature distinguishes the listed seg-
ments /k|h/ and /k|h/ in !Xóõ. Languages with such segments were also excluded, leaving a total
of 2,948 inventories surveyed.

Other than inventories excluded for the above reasons, all PHOIBLE inventories were in-
cluded, which means there are occasionally multiple inventories for the same language variety.
For example, the languoid “Korean” has four inventories listed in PHOIBLE – an inventory from
the Stanford Phonology archive, an inventory from UPSID, an inventory added by the PHOIBLE
developers while at the Department of Comparative Linguistics at the University of Zurich, and
an inventory of Seoul Korean from the database of Eurasian phonological inventories. Although
this effectively results in the inventories of some languages being given slightly more ‘weight’
than others, the number of inventories is large enough that it is doubtful that this would have
much of an effect. Further, having different phonological analyses of the same language can be
a benefit in and of itself. We also made no attempt to genealogically control the languages under
investigation. Each inventory was taken as an independent data point, despite the fact that some
families have many more languages listed than others.

Finally, to compare the inventories in PHOIBLE to similar inventories with no history of
diachronic change, we generated random inventories as in Mackie & Mielke (2011). For each
natural inventory, we generated a random inventory with an identical number of segments. The
relative frequency of any given segment appearing in a random inventory was matched to the
PHOIBLE data set. This effectively creates a set of inventories that match natural inventories
in terms of their frequency of segments that are perceptually or articulatorily marked, but without
a history of diachronic change.

3. Results. Running the ID3 algorithm on both the natural and random inventories resulted in
2,948 valid natural feature hierarchies and 1,780 valid random hierarchies. Random hierarchies
that contained all 36 relevant features present in PHOIBLE were considered invalid and were ex-
cluded. This is because such inventories contained two segments which the feature specifications
of PHOIBLE could not distinguish between – although individual segments that contrasted in
natural inventories were corrected, many more combinations of these segments were present in
random inventories. It is worth noting that this resulted in a smaller maximum segment number
for the valid random feature hierarchies; the randomly generated inventories with a valid feature
hierarchy had a maximum of 77 segments, compared to 158 segments for the natural inventories.
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However, only 13 inventories in the valid natural set had more than 77 segments, making this dif-
ference less drastic than it might seem at first glance. The natural inventories (M = 33.79, SD =
12.28) had a larger mean number of segments than random inventories (M = 29.75, SD = 8.87).
A t-test (t(4578) = 13.07, p < 0.001) showed that this difference was statistically significant,
albeit with Cohen’s d = 0.38, indicating a relatively small effect size.

As for the number of features necessary to characterize the hierarchies, natural inventories
required 6 (Rotokas) to 21 (Tsez, Abkhaz, Archi, and !Xóõ) features to fully specify their fea-
ture hierarchies, with an average of 13 (M = 13.0, SD = 2.5). In comparison, random inventories
required 7 to 24 features (M = 14.18, SD = 2.66). The mean difference between the natural and
random feature numbers was significant (t(3563) = -15.01, p < 0.001), with Cohen’s d = -0.45,
indicating a small effect size verging on medium.

However, the clearest measure of feature economy comes from comparing the segment-to-
feature ratio for each language: natural inventories have more segments per feature on average
(M = 2.56, SD = 0.60) than random inventories (M = 2.07, SD = 0.35). This is a statistically sig-
nificant difference (t(4719) = 34.74, p < 0.001). Despite the relatively small difference in mean
inventory size and feature number, the Cohen’s d of the segment per feature ratio is 0.98, indi-
cating a large effect size. Figure 2 plots valid natural and random inventories by their size and
segment number to facilitate their comparison.

Figure 2. Feature number by inventory size in natural vs. random inventories.

Thus, as seen in Mackie & Mielke (2011), natural languages do exhibit more feature econ-
omy in their inventories than random languages. However, examining Figure 2 seems to indicate
that there is a more complex pattern than the mean difference alone suggests; the trend lines show
that gap between natural and random feature number grows as the inventory size increases. For
languages with 20 to 35 segments, natural languages only have approximately 0.3 more segments
per feature than random inventories, but the differences between the ratios grows rapidly as the
number of segments increases. Figure 3 shows the mean difference between the natural and ran-
dom inventories in the segment-to-feature ratio for each inventory size. Languages with fewer
than 17 segments were excluded from this figure, given that the sample size for each number be-
low this is relatively low.
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Figure 3. Difference in mean segment-to-feature ratio between natural and random inventories.

This trend would be expected regardless of whether there is an independent drive for feature
economy: given that the relative frequencies of the segments are matched between the random
and natural inventories, the random inventories would “exhaust” common segments and be forced
to add more rarer segments as the inventory size grew. Both a diachronic typological approach
and a feature economy approach predict that natural inventories would generally have recurring
series of segments: an aspirated series, an ejective series, etc. While these series would gener-
ally be expected to have several members each in natural inventories under either hypothesis, this
would be much less expected in a random language – since each segment has an independent
chance to be chosen, more features would be expected to be required to disambiguate an inven-
tory of the same size.

Thus, to test the hypothesis that feature economy is an independent factor in shaping natural
inventories, it is necessary to examine which features are overrepresented in random inventories
compared to natural ones. Relevant here is a claim that Lindblom & Maddieson (1988) make re-
garding consonant inventories: they state that inventories typically exhaust a set of 15–20 basic
segments before expanding by adding modifications of those basic segments with secondary fea-
tures such as length, secondary articulations, and laryngeal features – a claim that clearly holds
for vowel inventories as well (Moran 2012).

If the features that are most represented in random feature hierarchies correspond to features
that are known to result from sound changes that create entire series of segments that occur at
most or all major places of articulation in a language (see Easterday & Bybee 2023:420), then the
difference between random and natural inventories does not require an independent drive for fea-
ture economy as an explanation. The general structure of natural phonological inventories could
simply emerge from the empirical facts of how sound changes produce new segments, along with
a basic consonant inventory whose members are resistant to sound change (Lindblom & Mad-
dieson 1988; Bybee & Easterday 2022). If, on the other hand, there is no systematic pattern to
features overrepresented in random inventories, then it would be less clear that the feature econ-
omy seen in natural inventories largely stems from the utilization of these secondary features.

Table 1 shows the features that are most represented in random inventories, along with their
Cohen’s h, which is used to measure the distance between two proportions – in this case, the pro-
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portion of random and natural hierarchies that contain some feature. All valid inventories are
compared; removing the 13 natural inventories with more than 77 segments does not change the
results in any significant way.

Feature Proportion in natural Proportion in random z p adj. Cohen’s h
[long] 0.39 0.88 -33.33 < 0.001 -1.09
[nasal] 0.66 0.88 -16.99 < 0.001 -0.54
[constricted glottis] 0.12 0.31 -16.35 < 0.001 -0.47
[distributed] 0.51 0.73 -14.93 < 0.001 -0.46
[spread glottis] 0.40 0.60 -13.06 < 0.001 -0.40

Table 1. Five features most overrepresented in random inventories.

The results above suggest that the diminished feature economy of random inventories is due to
the efficient utilization of secondary features such as nasality, length, secondary articulations, and
laryngeal features in larger natural inventories. The implications of these results and the overrep-
resented features are discussed below.

4. Discussion. The features that are overrepresented in random inventories are, for the most
part, features that are known to result from sound changes which produce entire series of sounds.
The most overrepresented feature, [long], is a clear example.1 If any [long] segment and its short
counterpart are both selected for a random inventory, then [long] is necessary to disambiguate that
pair. However, only 38.7% of natural languages require a [long] feature, and those that have one
long segment tend to have many: in PHOIBLE, natural inventories that had at least one [+long]
segment had a mean of 7.12 [+long] segments. Under a feature-economy-based explanation, lan-
guages that have geminates would be expected to accumulate more to maximize the economy
of the [+long] feature. By contrast, an explanation rooted in diachronic typology would investi-
gate the origin of [+long] segments and see if their synchronic distribution in inventories can be
explained in terms of sound changes that create geminates.

Chapter 7 of Blevins (2004) discusses the origin of geminates extensively, and in many cases
they are secondary, resulting from total assimilation of the first element of CC clusters, vowel
syncope between identical consonants, and the phonologization of post-tonic lengthening, among
other ways. Contrastive vowel length frequently results from compensatory lengthening (Kavit-
skaya 2014) or open syllable lengthening in Germanic (Lahiri & Dresher 1999) or in Yurok be-
fore sonorants (Berman 1982). Crucially, all of these processes would by default be expected to
produce series of geminates of the type seen in natural inventories – there is no need to posit fea-
ture economy when there is no principled reason that these changes would target only a single
consonant or vowel.

The remaining features that are overrepresented in random inventories are also amenable to
this type of analysis. The overrepresentation of [nasal] is almost certainly due to nasalized vow-
els; however, there are numerous recorded examples of contrastive nasal vowel Ṽ sequences orig-
inating from the contraction of a vowel and a nasal consonant (Greenberg 1969; Hajek 1997).
For the feature [constricted glottis], glottalized consonants or ejectives are frequently the result of

1 Many phonologists would dispense with a [long] feature and represent the contrast between short and long segments
as involving moraic structure instead, but that does not bear on the conclusion here.
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clusters (Fallon 1998; Easterday & Bybee 2023): *rD and *Ds clusters in Austronesian (Blust
1980), *CVP > CPV in Siouan (Rankin et al. 1997) and *Ct > CP clusters in Yurok (Blevins
2000). The feature [spread glottis] is due to the overrepresentation of aspirated and voiceless
sonorant series, which also frequently result from earlier clusters: the aspirated series in Thai
(Pittayaporn 2009) and Tibetan (Hill 2010), a geminated series becoming an aspirated one in
several languages of New Caledonia (Ozanne-Rivierre 1992), and voiceless sonorants or vowels
arise from clusters in Tibetan, Kokota, and Comanche (Blevins 2018).

It is a little more difficult to pinpoint a single cause for the overrepresentation of [distributed].
Examining the random inventories manually, the feature is mostly used to distinguish dentals
from alveolars or retroflexes from (post-)alveolars. Part of the overrepresentation may come
from the unique status of the distinction between dental and alveolar coronals: a single language
generally uses dentals or alveolars for its coronal series or different specifications are used non-
contrastively for different phonemes (Hall 1997b:41). Dental consonants are often specified as
such in PHOIBLE even in languages which do not contrast them with an alveolar, thus poten-
tially inflating their effective frequency and making an alveolar vs. dental contrast more likely
in the random inventories. However, some languages do contrast dentals from alveolars, partic-
ularly Australian and Dravidian languages. Although the contrast between them in some Pama-
Nyungan languages is known to be the result of conditioned sound changes (Alpher 2004), the
four-way contrast between alveolar, dental, retroflex, and palatal consonants is reconstructable
to Proto-Dravidian (Krishnamurti 2003:91). The contrast between alveolars and retroflexes is
also reconstructable to Proto-Pama-Nyungan (Alpher 2004), making the origin of alveolar vs.
retroflex contrast opaque for the two families that provide most synchronic examples of it. How-
ever, the retroflex initials of Middle Chinese are posited to result from earlier C + *r clusters
(Baxter 1992:580), providing at least one example of the development of a retroflex series in a
manner that does not require feature economy.

4.1. IS FEATURE ECONOMY PRESENT IN SMALLER INVENTORIES? Although the gap be-
tween natural and random inventories in the mean segment-to-feature ratio does increase as in-
ventories get larger, the difference between natural and random inventories is still present at
inventory sizes below approximately 35 segments. Given a modal five vowel inventory, we as-
sume that that natural inventories generally accumulate 30 consonants before the difference in
the segment-to-feature ratio between natural and random inventories rapidly begins to grow.
We therefore consider this the approximate boundary at which apparent feature economy grows
rapidly in larger inventories, but we show that this is largely explainable in terms of the diachronic
principles discussed above. However, this comes with the corollary that, most inventories with
fewer than 30 consonantal segments, even relatively small ones, are more economical than ran-
dom inventories to a similar degree: smaller natural inventories have ~0.3 segments per feature
compared to random ones. This raises the question of whether these small–average inventories
contain evidence of a drive for feature economy. It could still be possible that the largest invento-
ries are expanded with features that arise from sound changes that produce series, but that feature
economy drives the basic structure of smaller inventories, which often contain segments that are
infrequent as outputs of sound change (Bybee & Easterday 2022).

To address this question of what defines the structure of the smallest natural inventories, the
notion of BASIC CONSONANT INVENTORIES becomes important, briefly discussed in Section
1.1. Several prior studies have attempted to define such an inventory, and although they generally
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use different methodology, they tend to converge on some commonalities, as shown in Table 2.

Maddieson (1984) /p t k P b d g f s S h tS m n ñ N l r w j/
Lindblom & Maddieson (1988) /p t k P b d g f s h tS m n N l r w j/
Clements (2009) /p t k b d g s h tS m n l r w j/
Grossman & Nikolaev (2020) /p t k m n l r w j/
Bybee & Easterday (2022) /P T K s l/
Easterday & Bybee (2023) /p t k b d g m n N s l/

Table 2. Proposed basic consonant inventories.

Even excluding the minimal set of consonants proposed by Bybee & Easterday (2022), the
only consonants that occur in all four sets are /p t k m n l/, far too small to explain the location
of the inflection point observed for the gap between feature economy in natural and random in-
ventories at approximately 30 consonantal segments. In their study of whether feature economy
is a principle that shapes inventories based on co-occurrence clusters, Nikolaev & Grossman
(2020:446) note that “the feature-economy principle cannot really explain the structure of the
most basic parts of inventories.” However, this largely extends to the basic inventory they propose
/p t k m n l r w j/, which still falls short of the approximately 30 consonantal segments necessary.

The natural PHOIBLE inventories have a mean consonant inventory size of 23.93, which still
falls 10 segments short of 30. Examining the “modal inventory” of Maddieson (1984:12) taken
from the 20 most frequent consonantal segments from UPSID already shows that the smallest
inventory is expanded in line with predictions regarding feature economy – voiced versions of
the voiceless stops are added, and the nasals /ñ/ and /N/ that are added fill out existing places of
articulation that are present for more common consonants. The postalveolars could also be seen
as filling the palatal place of articulation, typically matching pre-existing /j/. Maddieson (1984)
also discusses which segments are added next to reach 30 total consonantal segments. Voiced
versions of the fricatives and affricates seem to be added next (/z, v, dZ, Z/) along with the velar
fricative /x/, the alveolar affricative /ts/, and the alveolar tap /R/. All of these segments fall into the
basic places of articulation, generally adding distinctions in [voice] and [continuant] features.

This raises the question of whether these small–average inventories are structured according
to an independent principle of feature economy. However, it is worth noting that the approach
of simply ranking segments by frequency and using them to build a modal consonant inventory
can be somewhat misleading. Nikolaev & Grossman (2020) have prior results that bear on this
question for consonant inventories: they find that while clusters of segments in the consonant in-
ventories of the world’s languages do often conform to the predictions of feature economy, they
often do not; some clusters, such as alveolo-palatal and postvelar segments, are more likely to
occur in inventories that already have elaborate secondary articulations. Based on their findings,
Nikolaev & Grossman (2020:447) conclude that “inventories grow by exploring particular re-
gions in the segment space” rather than on purely feature-economy-based principles, and go on
to postulate that “there is perhaps no universal principle of inventory growth.” The findings here
support this idea, but also suggest that the regions of segment space that an inventory explores are
determined by the sound changes that it has undergone, which is infamously difficult to predict
on a language-to-language or family-to-family basis (see Yu 2023). Diachronic typology would
make the prediction, then, that a universal principle of inventory growth would not be expected to
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exist at all.
As Bybee & Easterday (2022) note, even the consonants that are relatively common but are

not considered part of the most ‘basic inventories’ such as voiced obstruents, non-/s/ fricatives
and affricates, have clear diachronic sources when compared to more basic consonants. Voiced
obstruents and fricatives have a diachronic source in lenition and spirantization, while postalve-
olars have a robust source in palatalization (Bybee & Easterday 2022), and the fact that voiced
obstruents and fricatives generally share a place of articulation with their voiceless counterparts
would follow if inventories were assumed to start with a small set of stops and nasals at labial,
alveolar, and velar places of articulation that were modified to produce this expanded set of seg-
ments.

The feature-economy gap between natural and random small–medium inventories also is ex-
plainable as arising from a set of ‘basic’ contrasts such as those proposed by Grossman & Niko-
laev (2020) and Bybee & Easterday (2022), which are then elaborated upon in ways that, while
clearly constrained by the set of possible sound changes, are not fundamentally predictable. The
gap between random and natural inventories once again comes from the lack of a co-occurrence
relationship between any of the segments in a random inventory, which extends even to segments
that are relatively common: a random inventory is more likely to have a single voiced obstruent
as opposed to the series more commonly found in natural inventories. However, if all but the set
of basic contrasts is explicable without requiring an independent drive towards feature economy,
then it is worth asking whether such a drive is necessary at all.

4.2. FEATURE ECONOMY AND FAMILY AFFILIATION. Recall that we did not implement ge-
nealogical control in this study. Given that certain features are known to be strongly associated
with macro-areal regions (Nikolaev & Grossman 2020), it is worth having a preliminary look at
whether certain families exhibit more structural economy on average. Figure 4 shows the mean
segment-to-feature ratio for each family with more than 20 inventories in PHOIBLE, with bar
color indicating geographic macro-area and the mean of 2.56 shown in gray.

Figure 4. Mean segment-to-feature ratio by family affiliation.
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The differences are relatively dramatic: the family with the largest segment-to-feature ratio,
Nakh-Dagestanian of the Caucasus, has 3.41 segments per feature while Pano-Tacanan of South
America has the smallest with 1.90. There are also clear geographic patterns: the languages of
Eurasia tend to have inventories with above average structural feature economy, the languages of
Africa are above but closer to the average, while the languages of South America and Oceania
are below the average. However, the results here seem to largely correlate with inventory size
(see Atkinson 2011) – it is a question for future research whether family affiliation or geographic
macro-area can be separated from the general trend that larger inventories are more economical.

5. Conclusion. The results here are in line with previous findings that natural phonological
inventories show structural evidence of feature economy (Clements 2003a; Coupé et al. 2009;
Mackie & Mielke 2011). However, looking at features that are most overrepresented in random
feature hierarchies yields a novel finding: features that are overrepresented are generally sec-
ondary (Lindblom & Maddieson 1988) and have clear diachronic origins from changes that typi-
cally result in a series of segments that share a feature.

This provides quantitative evidence in line with diachronic typological (Greenberg 1969; By-
bee 2006; Easterday & Bybee 2023) or Evolutionary Phonology (Blevins 2004) approaches to
feature economy: feature economy seems most present for languages with large (35+ segment)
inventories because of how diachrony works to shape them. The results here do not categorically
rule out an independent drive for feature economy as posited by Clements (2003a:371). However,
if the independent factors of markedness and an understanding of diachronic typology are suffi-
cient to explain the structure of natural phonological inventories, then an independent drive for
feature economy is not necessary.

Further research is required to address examples in which feature economy could be argued
to be active in sound change. For example, Japanese allowed only voiceless obstruents as gem-
inates, but there is an incipient contrast with a voiced obstruent geminate series (Itô & Mester
1999), and the Indo-Aryan languages went from distinguishing one retroflex segment *ù to an en-
tire retroflex series (Hall 1997a). It is noteworthy, however, that both of these are argued to be the
result of language contact. Language contact in general has been another factor argued to heavily
influence the structure of inventories (see Maddieson 1985) that was not examined here.
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