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1.  Introduction
1.  This study argues that feature economy is a basic organizational principle of sound systems.  According to this principle, languages tend to maximize the combinatory possibilities of features across the inventory of speech sounds; in other words, features present in one segment tend to be generalized to others.  

· this paper tests the predictions of feature economy at the synchronic level, using an objective sampling technique applied to a genetically and areally balanced sample of the world's languages 

· it also show that feature economy offers a powerful tool for phonological feature analysis.
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· in Hawaiian, three manners of articulation (stop, nasal, approximant) crossclassify two basic places of articulation (labial vs. nonlabial) to give six supralaryngeal consonants

· in French, voicing is fully exploited in stops and fricatives to double the number of obstruents (6x2)  

· Nepali uses five places of articulation and four manners of articulation within its stop system to obtain twenty stops (5x4), with no gaps 

3.  Not all theoretical feature combinations are realized:

·  Hawaiian has no nasalized h
·  French avoids palatal stops and velar fricatives and nasals in its native lexicon

· Nepali lacks voiceless or aspirated nasals 

4.  Exceptions to expected feature economy patterns normally correspond to functionally inefficient and widely avoided feature combinations, e.g.

·  nasalized laryngeals are rare across languages

· palato-alveolar stops are less frequent than labial, dental/alveolar or velar stops

·  voiceless or aspirated nasals are infrequent 

5.
The feature economy of any given system can be quantified in terms of a measure called the economy index. Given a system with S speech sounds and in which F features are required to characterize them, its economy index E is given by the expression




E = S/F 

The higher the value of E, the greater the economy.  Feature economy is simply the tendency to maximize E.   This can be achieved by increasing S, or by decreasing F.

6. 
Feature analysis of Hawaiian, French and Nepali
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7.  These features give us the following economy rankings:  

      distinctive 



 features

consonants

economy index (S/F)
Hawaiian


5



8



1.60

French



7


     18



2.57 

 

Nepali


     10


     29



2.90


8.   Historical sources of feature economy

· A. W. De Groot (1931, 1948)

· A. Martinet (1955, 1968)

Recent citations:  Lombardi (1994), Boersma (1998), McCarthy (1999), Hinskens & van de Weijer(2003), etc. 

2.  Method 

See Clements (2003) for further discussion

1.   A prediction of feature economy (Mutual Attraction)


A given speech sound will have a higher than expected frequency in inventories in which all of its features are distinctively present in other sounds.

Example: a labial fricative V should be commoner in systems having some other labial such as P, B, F, some other fricative such as F, Z, X, and some other voiced sound such as B, D, Z.

2.  The database: UPSID-92 (Maddieson and Precoda 1989): virtues, caveats (e.g. Basbøll 1985, Simpson 1999) 

3.  Feature coding

The phoneme systems of UPSID‑92 were coded in terms of a standard model of distinctive features.  For consonants, these include the following:

one-valued:  labial, coronal, dorsal, radical, spread glottis, constricted glottis

two-valued:  sonorant, consonantal, distributed, anterior, strident, lateral, voice, nasal, continuant

4.  Controlling for genetic or areal skewing.  

To control for possible genetic or areal skewing, separate tests are being run on the eleven units shown below, all of which contain 20 or more members in the database:

	Eurasia
	Indo-European (23), Ural-Altaic (28), Austro-Tai (39), 
Sino-Tibetan (21)

	Africa
	Niger-Congo (55), Nilo-Saharan (23), Afro-Asiatic (26)

	Americas
	North American (58), South American (66)

	Australasia
	Australian (25), Papuan (39)


5.  Statistical analysis

The basic method for discovering systematic trends across the UPSID inventories is the comparison of observed vs. expected distributions of selected pairs of sounds, A and B. 

· Observed numbers are arrayed in contingency tables and compared with expected values to test the null hypothesis ("the distributions of A and B across the sample are independent of each other")  

· The differences between observed and expected frequencies are then tested for significance by the chi square test.  

6.  Example: a comparison of V and Z

Adding V (any voiced labial fricative) or Z (any voiced coronal fricative) to a system already containing the other will almost invariably increase its economy index E (= S/F).  This is because the overwhelming majority of languages have consonants at both labial and coronal places of articulation; adding a second voiced frica​tive will therefore increase the number of sounds S, while keeping the number of features F constant.

7.  The frequencies of V and Z compared across the sample languages:

	
	
	 


         Z
	

	
	
	    present
	     absent
	   T=

	


V
	present
	 110   (57)
	  37   (90)
	 147

	
	absent
	  65  (118)
	 239  (186)
	 304

	
	   T=
	 175
	 276
	 451


feature coding: V = vd lab cont obs, Z = vd cor cont obs

This table partitions the languages in the sample into four subsets according to the presence vs. the absence of V and Z.  It shows that of the total of 451 languages in the sample,

· 110 have both V and Z

· 37 have V but not Z

· 65 have Z but not V

· 239 have neither V nor Z.  

8.
Expected frequencies

The expected frequency (FE) of each cell, shown in parentheses, is calculated on the assumption that the frequency of V or Z in each subset is proportional to its frequency in the sample as a whole (as would be expected if Prediction 1 is false).  It is given by the expression:

FE  = (TR*TC) / T 

where TR and TC are the row and column totals corresponding to the cell in question and T is the total sample size (here, 451).  

example: the expected frequency in the upper left cell is (147*175) / 451, which gives 57 (after rounding).  Since the observed frequency in this cell (110) is higher than this, the association between V and Z is positive. 

Chi square testing shows that this comparison was significant at the p<.0001 level.

3.  Some feature economy effects in consonant systems

Here we test feature economy against data involving several large-scale consonant comparisons.

1. Testing stops sharing manner features but differing in place 

	P   vs.  T
P   vs.  K
T   vs.  K 
	Ph   vs.  Th
Ph   vs.  Kh
Th   vs.  Kh
	P’  vs.  T’
P’  vs.  K’
T’  vs.  K’

	B  vs.  D 
B  vs.  G
D  vs.  G
	Bh   vs.  Dh 
Bh   vs.  Gh
Dh   vs.  Gh
	B<  vs.  D< 
B<  vs.  G<
D<  vs.  G<


Row 1: plain voiceless stops, voiceless aspirated stops, ejective stops

Row 2: plain voiced stops, voiced aspirated stops, implosives

All comparisons are positive at a very high level of significance (p<.0001).  That is, languages having one member of each pair tend overwhelmingly to have the other.

2.  Fricative comparisons

	F vs. S
	F vs. X
	S vs. X

	V vs. Z
	V vs. (
	Z vs. (


 (( represents any voiced dorsal fricative, whether velar or uvular)

All comparisons are significantly positive (F vs. X .05, all others .0001)

These results and those in (1) show that manner features tend to generalize from one place of articulation to another.    

3. Cross-category feature economy

Cross-category economy is the generalization of an existing feature to a new manner category defined in terms of independently-occurring features.  Feature economy predicts cross-category effects just in case the economy index E is thereby increased. 

Illustration:

subsystem A

 


   subsystem B




P
F





 
  P
  F








B







  B
  V





features:
labial, voiced, continuant


labial, voiced, continuant
E (S/F):
1.00 (3/3)






1.33 (4/3)


 Prediction:  subsystem B should be favored with respect to subsystem A

4.  Testing cross-category economy:  frequency of V in systems with P B F

	
	
	 


      P B F
	

	
	
	     all present
	one or more absent
	   T=

	


V
	present
	 83  (51)
	 64  (96)
	 147

	
	absent
	 74 (106)
	230 (198)
	 304

	
	   T=
	157
	294
	 451


V is much more frequent than expected in languages having all three of the sounds P, B, and F, and much less frequent than expected otherwise (2 = 45.049, p< .0001).  

5.  Similar tests were run for the occurrence of:

· Z (any voiced coronal fricative) in systems containing T, D, and S

· ((any voiced dorsal fricative) in systems containing K, G, and X.  

All tested positive at the same high level of significance (p< .0001). 

4.  Feature economy as a tool in phonological analysis
We now explore the use of feature economy as a tool for testing feature structure.

1.  Voiced aspirated stops: two analyses

· in traditional phonetic theory, they are characterized by a special feature of breathy voice or murmur.   

· in phonological theory, they are usually characterized by the features [+voiced] and [spread glottis], the latter also characterizing voiceless aspirated stops (Halle & Stevens 1971). 

Both accounts are consistent with the phonetic realization of these sounds, which are produced with the vocal folds held loosely open along at least part of their length.  

If voiced aspirated stops are characterized by the features [+voiced] and [spread glottis], they should tend to cooccur with both voiced and aspirated sounds.  

2.  Testing voiced aspirated stops

10 languages in UPSID-92 have breathy voiced stops, occurring in six language families and two geographic zones.  Of these, all have both voiced stops and voiceless aspirated stops, usually at corresponding places of articulation.  

Sound inventories of 69 languages of India have been collected in Pandey (2003).  Of these, 26 have voiced aspirated stops, and all have plain voiced stops and voiceless aspirates as well (though the latter are listed as marginal in Didayi-Gta).
3.  Voiceless sonorants : two theories

· traditionally, voiceless sonorants have been treated simply as [‑voiced], as their name implies;  

· more recent accounts have suggested that they may be better characterized by the feature [spread glottis] (Halle & Stevens 1971, Clements 1985,  Itô & Mester 1989, Lombardi 1994).  

If voiceless sonorants are characterized by [spread glottis], they should tend to occur with higher than expected frequency in systems containing aspirated obstruents and/or H-sounds.  

4.  Testing voiceless sonorants.

	comparison 
	 E
	 O
	association
	 2
	  p<

	VL SON  vs. ASP (H and OBS)
	 21
	 28
	positive
	  7.707
	 .01

	VL SON  vs. H 
	 21
	 27
	positive
	  7.286
	 .01

	VL SON vs. ASP OBS 
	   8
	 18
	positive
	17.535
	 .0001


code: H=glot asp, ASP OBS =obs and (asp or breathy), VL SON=son vl not vowl

This table presents comparisons in summary form, showing only information from contingency tables that bears crucially on feature economy effects.  

All comparisons are positive and significant (p<.01 or better).  The association between voiceless sonorants and aspirated obstruents is especially strong.  While aspirated obstruents occur in a minority of the sample languages as a whole (27% of the 451 total), they occur in a majority of the 31 languages having voiceless sonorants (18, or 58%).

5.  Laryngealized sounds and ejectives: two theories

· as before, traditional phonetic theory tends to multiply phonetic categories (laryngealized or creaky voiced sounds, pre- and post-glottalized sounds, tense stops, ejectives, etc.) 

· in the feature system of Chomsky & Halle (1968), continued by Halle & Stevens and others, all these sounds, as well as glottal stops, share the feature [glottal constriction]

If laryngealized sounds, ejectives, glottal stops, etc., share the feature [glottal constriction] they should tend to show mutual attraction effects

6.  Testing laryngealized sounds, ejectives and glottal stops 

	   comparison 
	  E
	  O
	association
	    2
	 p<

	LARGZD vs. EJECTIVE 
	   7
	 19
	positive
	 25.705
	.0001

	LARGZD vs.  
	 22
	 40
	positive
	 33.664
	.0001

	EJECTIVEvs. 
	 33
	 55
	positive
	 33.045
	.0001


All comparisons are robustly positive.  These results can be explained on the assumption that all three types of sounds share a feature such as [constricted glottis], in spite of the many phonetic differences among them.

7.  Testing laryngealized obstruents and sonorants separately 

	   comparison 
	 E
	 O
	association
	   2
	 p<

	LARGZD SON vs. 
	12

	24
	positive
	24.544
	.0001

	LARGZD SON vs. EJECTIVE
	  4
	15
	positive
	37.248
	.0001

	LARGZD OBS vs. 
	13
	24
	positive
	17.111
	.0001

	LARGZD OBS vs. EJECTIVE
	  4

	  7
	positive
	  1.445
	  n.s.

	LARGZD SON vs. LARGZD OBS
	  2
	10
	positive
	41.424
	.0001


This table shows that all associations remain positive; all but one are still highly significant.  These results confirm that both laryngealized sonorants and laryngealized obstruents bear the feature [constricted glottis].

8.  Implosives: two theories

It has long been assumed that implosives are produced with a glottalic airstream mechanism; this view has motivated the use of features like [constricted glottis] to characterize implosives (Halle & Stevens 1971)

However, glottal constriction is not a regular property of all implosives:

· only voiceless (i.e. preglottalized) and laryngealized implosives actually involve any significant amount of glottal constriction.  

· plain voiced implosives, a very common type, involve modal voicing similar to that found in ordinary voiced stops 

· larynx lowering, often taken as evidence for the presence of a glottalic airstream mechanism, character​izes voiced pulmonic stops as well as implosives 

9.   Based on such considerations, Clements & Osu (2002) have proposed that implosives differ from explosives in bearing the feature [‑obstruent], defined as the absence of positive air pressure behind the oral closure (Stevens 1983).

· in this analysis, only laryngealized and voiceless implosives bear the feature [constricted glottis]

· thus, modally voiced implosives are not expected to pattern with glottalized or laryngealized sounds

10.  Testing implosives for the presence of  [constricted glottis]

	  comparison 
	  E
	 O
	association
	  2
	 p<

	 IMPLOSIVE vs. 
	 25
	 24
	 negative
	 0.164
	n.s.

	 IMPLOSIVE vs. LARYNGZD
	   5
	   5
	 none
	    -
	n.s.

	 IMPLOSIVE vs. EJECTIVE
	   8

	 14
	 positive
	 5.726
	.05


The first two comparisons contradict the [constricted glottis] hypothesis, but are consistent with the analysis of Clements & Osu (2002). 

However, the third comparison shows a weakly significant positive association between implosives and ejectives.   How can we explain this result?

11. Hypothesis: many of the 14 languages listed with both implosives and ejectives in UPSID actually have glottalized implosives, and it is the presence of glottalization in these sounds that accounts for their association with ejectives.   

To test this hypothesis, the languages in question were checked against the best available primary sources.  Results:

· in 4 languages (Hausa, Dahalo, S. Nambiquara, Jacaltec) the implosives are glottalized (and in S. Nambiquara, they are only allophonic)

· in 2 others (Iraqw, Zulu) the presence of any kind of implosive is doubtful

Frequencies were recalculated to include only the 8 remaining languages which may have modally voiced implosives (descriptions are mostly unclear), giving the following result:

	comparison 
	  E
	 O
	association
	  2
	 p

	 IMPLOSIVE (modally voiced) 
vs. EJECTIVE
	   7
	 8
	 positive
	0 .120
	 n.s.


The association is only barely positive, and far from significant.  

5.  Feature economy effects on nondistinctive features
1.  A feature is distinctive if it distinguishes at least one pair of sounds in a given language.  For example, the feature [+voiced] is distinctive both subsystems below:


   subsystem A



  subsystem B


P

T






T



B

D




B

D

However, [+voiced] is redundant in B in the second, where it has no voiceless counterpart. 

Does feature economy apply to B in both systems, or only in the first?

2.   Testing feature economy in sounds in which a feature is redundant

To test for feature economy in such cases, we compared the frequencies of B vs. D and B vs. G in systems lacking P.  There are 44 such languages in the sample.  Results:

	comparison 
	  E
	 O
	 association
	 2
	  p<

	  B vs. D
	 35
	 38
	 positive
	 11.423
	 .001

	  B vs. G
	 34
	 36
	 positive
	   6.334
	 .05


Both comparisons show significant positive associations (N.b. the relatively low chi square scores reflect the small number of languages in the sample).

3.  Feature economy in derived representations

Feature economy applies to derived representations as well, as a consequence of the fact that phonological processes apply typically to natural classes.

Example: Many languages lack contrastive voiced stops.  Quite typically, however, voiceless stops acquire voiced realizations in certain contexts, such as intervocalically (e.g. Korean), prevocalically (e.g. Mohawk), or postnasally (e.g. Zoque).  Almost invariably in such cases, all stops are affected, as the following examples in Zoque show:

pama
  ‘clothing’
m-bama
‘my clothing’

tatah
  ‘father’
n-datah
‘my father’

tsima
  ‘calabash’
n-dzima
‘my calabash’

((o(ngoya  ‘rabbit’
(-d(o(ngoya
‘my rabbit’

kama

  ‘cornfield’

  (-gama

 ‘my cornfield’

This behavior, too, is an instance of feature economy, since [+voiced] combines maximally with place features, increasing the ratio S/F.

6.  Feature economy or gesture economy?

This section examines the view that the economy effects described here apply at the phonetic level rather than the phonological level.  In this view, languages economize not features, but the articulatory gestures used to construct the units of their sound inventories ("gesture economy").

1.  One model of gestures: Browman & Goldstein's articulatory phonology (1989, etc.) 

· gestures are characterized in terms of quantitatively-specified parameters of a set of equations defining trajectories of the articulators (lips, tongue tip (TT), and tongue body (TB)) over time. 

· two gestures are different if they differ in any parameter specification  

thus, for example, [f], [s], and [] are all different:
[f]  =  LIPS[critical dental]

[s]  = TT[critical alveolar]

[] =  LIPS[critical labial]

· gesture economy, if defined in terms of such a model, predicts economy effects only among sounds characterized by the same gesture (for example, [f] and [v], which share the gesture LIPS[critical dental]).

2. 
We have already observed a number of cases of feature economy among sounds that are produced with different gestures, but share the same feature characterization:  

· fricatives formed at different places of articulation (section 3.2); we saw, for example, that the presence of any member of the set f, s and x in a system increases the likelihood of each of the others, even though each sound involves different gestures; this is because they share the feature [+continuant]; 

· aspirated sounds produced with different glottal configurations and different timing patterns (sections 4.1 and 4.2); for example, the presence of a voiceless aspirated stop in a system increases the likelihood of voiced aspirated stops and voiceless sonorants, due to the presence of [spread glottis];

· glottalized sounds, again produced with different glottal configurations and different timing patterns (section 3); for example, the presence of ejective stops in a system increases the likelihood of laryngealized sounds, due to the presence of [constricted glottis].

3. A further test:  economy effects among labial sounds

We compared the frequencies of bilabial stops [p], [b] and labiodental fricatives [f],  [v] across the UPSID sample.  

· Feature economy predicts that [p], [b] should exhibit a pattern of mutual attraction with [f], [v] since all are labial sounds (though only within languages in which each manner series is independently supported) 

· Gesture economy predicts that they should not, since the bilabial gesture is distinct from the labiodental gesture. 

4.  Results: [p], [b] compared with [f], [v]

	comparison 
	   E
	   O
	association
	   2
	 p<

	p vs. f
	 162
	 160
	 negative
	  0.719
	 n.s.

	p vs. v
	   74
	   81
	 positive
	12.002
	.0001

	b vs. f
	 147
	 152
	 positive
	   6.621
	.05

	b vs. v
	   69
	   69
	 none
	   0.000
	 n.s.


Results are mixed: both theories fare equally well (or poorly)

5. Under gesture economy, we also expect that analogous comparisons should be uniformly positive if restricted to sounds involving the same gesture. Thus, bilabial stops should show a strong positive association with bilabial fricatives, and labiodental stops with labiodental fricatives.

Consequently we compared bilabial stops and fricatives (again, only in systems containing other sounds with the same manner of articulation).   (Labiodental stops could not be compared with labiodental fricatives due to their small numbers.)

	comparison 
	   E
	   O
	association
	 2
	 p<

	 p vs. 
	 36
	 32
	 negative
	   4.778
	 .05

	 p vs. 
	 31
	 33
	 positive
	   1.320
	 n.s.

	 b vs. 
	 32
	 25
	 negative
	 38.448
	 .0001

	 b vs. 
	 21 
	 22
	 positive
	   0.092
	 n.s.


The result is surprising from the point of view of gesture economy.   Of the four analogous comparisons, three are significantly worse than in the preceding table:

· while the p/f comparison was nonsignificant, the p/comparison is significantly negative;
· while the p/v comparison was significantly positive, the p/ comparison is nonsignificant;
· while the b/f comparisons was significantly positive, the b/ comparison is significantly negative.
In other words, bilabial stops show a greater tendency to associate with labiodental fricatives than with bilabial fricatives, in three of four cases.  

6.  This result is contrary to the expectations of gesture economy.  

In contrast, feature economy does not predict a preference for these comparisons.  

· It only predicts that given a system with at least one labial sound and a given manner of articulation, we should find a labial sound with that manner of articulation.  

· In the case of a system with some labial stop P and some coronal fricative S, this prediction is equally satisfied by [f] and by [].  

· Other considerations (in this case, markedness) must be invoked to explain the preference for the labiodental [f].    

7. Discussion

1.  Main conclusions:

1.  
Feature economy is a fundamental principle structuring sound inventories

2.
We have found new support for the extension of [spread glottis] and [constricted glottis] to sonorants

3. 
We have also found new support for the analysis of (nonglottalized) implosives as [-obstruent] sounds, rather than [constricted glottis] sounds

4. 
Feature economy is not restricted to distinctive features, but applies also to redundant values of features that are distinctive elsewhere in a system

5. 
It applies not only to the phonemic level of analysis, but affects redundant features activated by phonological processes (as in Zoque) 

6.
Feature economy is not a consequence of gesture economy at the phonetic level

2.  A hypothesis for future work:  Feature economy may not be restricted to phonological features in the strict sense, but may apply to linguistic categories more generally.  

Phonology: 

· h-sounds and glottal stops pattern together by virtue of their shared laryngeal node, which is not a phonological feature as such

· we find economy effects involving long vowels and geminate consonants, though gemination is usually represented in terms of skeletal positions or moras

Morphosyntax:

· languages that have one formally marked noun class, case, tense, aspect, or person/number category, etc., tend to have several, and such categories tend to generalize across all lexical items with which they are semantically compatible.  

As a principle of linguistic organization, feature economy may not be unique to spoken language; an interesting program of research would be to examine its application in nonspoken language forms as well.
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