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Abstract. Unarist theories built on I,U,A elements encounter difficulties in capturing two necessary 

distinctions: (i) between A and its complementary counterpart, "[high]", (ii) between (I,A) and (U,A) 

combinations on the one hand and (I,U) on the other. We propose that vocalic expressions are 

templates. These templates are made of slots that are either available or unavailable to association with 

the melodic color primes I/U. The available vs. unavailable and color vs. structure oppositions express 

the I/U ~ A divide. A theory of phonemic contrasts is developed based on these premises. The theory 

is applied to vowel harmony in several unrelated languages, and is shown to carry several advantages. 

First, simple parameter settings correctly predict the precise distribution of harmony within each 

language. Second, a unified view of height and cross-height harmonies emerges. Color harmony is 

correctly predicted to have different scope than Aperture/ATR harmonies. Finally, the proposal carries 

implications for the issues of markedness and feature emergence. 

Keywords: aperture, color, contrast, harmony, vowels. 

 

 

0   Introduction 

Many phonologists assume that phonological primes are binary. Alternative proposals 

emerged during the 1980's, advocating monovalent features and a return to privative 

oppositions à la Trubetzkoy. Papers like Anderson & Ewen (1987), Kaye et al. (1985) and 

van der Hulst (1989) or more recently Chen (2010) and Backley (2011) insist on the 

advantages of unarist systems over the binarist models. All vowel systems, according to such 

monovalent models, can be built with only three primes, also called "elements": lowness (A), 

frontess (I), and rounding (U). There are thus three "primary" vowels, /i,a,u/, which comprise 

of one element each: {I}, {A}, {U} respectively. Most other vowels involve the combination 

of these primes: /e/ = {I,A}, /o/ = {U,A}, /y/ = {I,U}, etc. Less noted was the fact that the 

I/A/U triplet causes two embarrassing problems. 

Firstly, many phonological generalizations require a natural class of high vowels, 

suggesting that A has a complementary counterpart. Yet the unarist hypothesis provides no 

such trait: strict monovalence excludes a ¬A feature.
1
 

Secondly, all combinations of two elements are predicted to occur with equal frequency. 

Yet there is an asymmetry between lowness on the one hand and frontness and rounding on 

the other. Most languages easily combine I/U and A into mid vowels, while front rounded 

vowels combining I and U are extremely rare and diachronically unstable. Why? 

There have been three attempts to distinguish between the I/U on the one hand and A on 

the other. Kaye et al.'s (1985) original proposal included the notion of "charm" (A
+
 vs I

0
, U

0
), 

but this concept remained undeveloped since. Van der Hulst (2005, 2012a,b) distinguishes 

between "Place" (U, I) and "Manner" (A, non-A) categories. Pöchtrager's (2006) suggests that 

only I and U are elements; A is in fact structure. In what follows, we will put forth our own 

solution to these problems. We will briefly return to previous approaches in the conclusion. 

                                                           
1
 Interestingly, though this runs counter to the claims of their unarist frameworks, authors like Anderson & Ewen 

(1987: §§1.5, 3.6.1) nevertheless accept a "complementary" non-A element. 
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In Section 1, two ideas will be advanced: (i) there are indeed "low" and "high" primitives 

in unarist systems, but these primitives are structural, not melodic; (ii) this structure is to be 

expressed in templatic terms. We will illustrate how this templatic view of vowels accounts 

for both height-based contrasts and aperture harmony in several unrelated languages. Section 

2 will confirm the prediction of the model regarding the formal and empirical difference 

between aperture and I/U-colors. Section 3 will extend the empirical coverage of the model to 

systems involving cross-height harmonies, including ATR harmony. We will see that these 

harmonies are identical to aperture harmonies. By way of conclusion, Section 4 will put forth 

the parameters that determine the various shapes of vocalic systems, present a short 

assessment of our proposal with respect to previous ones, and briefly discuss its implications 

for the frequently debated issue of "feature emergence". 

 

 

1  Vowels are hierarchical templates 

 

1.1 Basic proposal 

 

Recurrent patterns, we have asserted, require a "high" component, and hence a binary 

"high"/"low" contrast. But how can such a contrast exist within a monovalent system? We 

contend that the height contrast is of a structural nature, rather than a melodic one. In our 

system, vowels consist of templatic slots. These slots come in two types: (i) "available" slots, 

which we represent as □; and (ii) "unavailable" slots, which we represent as ■. Available slots 

are color-friendly, i.e. they may be associated with the "color" elements I/U. Unavailable slots 

are not color-friendly. Thus, as shown for a single-slot system in (1), high vowels involve a 

potentially colored available slot, whereas the low vowel involves an unavailable slot. 

 

(1)  Aperture and frontness/rounding as different types of slots 

 

  V    V    V    = classic linear skeleton 

  ■    □    □    ■/□ = unavailable ("A") / available ("¬A") slots 

      I/U 

/a/     /i u y/   /ɨ/ 

 

The same holds for mid vowels, which emerge in two-slot systems. These combine an 

available and an unavailable slot: 

 

(2)  Two-slot vocalic system 

     

V    V    V    V   V 

■    □    □    □   □     = tier 1 

  ■    ■    □    ■   □     = tier 2 

      I/U  I/U 

     /a/     /e o ø/     /i u y/   /ə/  /ɨ/ 

 

Three interesting points follow from the comparison of (1) and (2). First, the size of the 

permitted template depends on the extent of height-based phonemic contrasts. One-slot 

templates like the ones in (1) are found in systems contrasting only 2 heights, such as Arabic 

or Quechua; two-slot templates as in (2) characterize 3-height systems like the one of Spanish. 



 

3 
 

Secondly, typological markedness depends on template satisfaction requirements. Colored /i 

u/ and /e o/ are more common than their melodically empty counterparts /ɨ/ and /ə/. Lastly, 

aperture resides on a different dimension than frontness and rounding, as will be seen in §2. 

But let us first examine the formal foundations of our templates. 

It will be assumed that the height distinctions in (2) are structured in such a way that the 

two hierarchies in (3) are possible, according to whether the available slots □ or the 

unavailable slot ■ is augmented into tier 2: 

 

(3)  Two possible height hierarchies 

 

   a.       V        b.     V 

 

  □   ■         □     ■     = tier 1 

 

    □    ■      □    ■      = tier 2 

      /i,u/    /e,o/  /a/       /i,u/      /e,o/    /a/ 

 

This parameter is in line with Dresher's (2009) contrastive hierarchies, insofar as (3a,b) can be 

said to manifest different rankings of the [±high] and [±low] features within a binarist 

framework : 

 

(4)  Contrastive hierarchies in Dresher (2009) 

 

   a.       V        b.     V 

 

 [+high]  [–high]       [–low] [+low]     = tier 1 

 

   [–low] [+low]     [+high]  [–high]      = tier 2 

      /i,u/    /e,o/  /a/      /i,u/      /e,o/     /a/ 

  

Our hierarchies, like Dresher's, are language-specific, and are intended to capture both 

contrast and behavior. Since they depend on a parameter, 3-height systems commonly exhibit 

either (3a) or (3b). It follows that, in a given language, mid vowels correspond either to (5a), 

which results from (3a), or to (5b), which results from (3b). 

 

(5)  Two structures for mid vowels 

 

a.  V   b. V 

■    □    = tier 1 
   □     ■   = tier 2 

 

Likewise, if low vowels involve 2 unavailable slots, then high vowels involve only one 

available slot, as in (3a), and conversely, as in (3b). This holds not only at the lexical level but 

will also be assumed to impact the results of processes, according to the principle in (6). 

 

(6)  Template preservation principle: 

  All processes affecting vowel templates are size- and structure-preserving. 

 



 

4 
 

A process may therefore neither change the size of a template nor create a template that is not 

possible according to the contrast hierarchy of the language. Hence, as will be seen, languages 

behave differently according to their contrast hierarchies. 

 

1.2 Lowering in Tigre and Chichewa 

 

We will illustrate the workings of our architecture and its parameter by examining the 

phenomenon of aperture harmony (henceforth AH) in two languages, Tigre (Faust 2017) and 

Chichewa (Mtenje 1985). These languages instantiate hierarchies (3a) and (3b) respectively. 

Tigre (Raz 1983) is a Semitic language spoken in Eritrea. Its vocalic system comprises of 

six vowels /a i u o e ə/. The vowel /ə/ is not epenthetic: it is distinct from the epenthetic vowel 

[ɨ]. The five vowels /a i u o e/ are "faithfully" realized [a e i u o]. Not so for /ə/, which is 

influenced by its environment. As shown in (7), an underlying /ə/ is realized [a] before 

another vowel [a].
2
 Importantly, no other vowel is affected by aperture harmony. 

 

(7)  Tigre aperture harmony 

 a. 'write', PERF   b. IMP 

1 SG kətəb-ko   2 MSG ktəb 

   PL katab-na    FSG ktəb-i 

2 MSG katab-ka    MPL ktəb-o  

  FSG kətəb-ki    FPL ktab-a 

  MPL kətəb-kom  

  FPL kətəb-kɨn 

3 MSG katba 

   FSG kətb-ət 

   MPL kətb-əw  

   FPL katb-aya 

 

Another type of AH is found in Chichewa, a Bantu language spoken in southern Africa 

(Mtenje 1985). The Chichewa vocalic inventory consists of five vowels /a i u e o/. High 

vowels lower to mid ones after another mid vowel, as shown in (8a,b). That these vowels are 

underlyingly high can be deduced from their behavior after the low vowel /a/, which does not 

lower them, as shown in (8c). 

 

(8)  Chichewa aperture harmony 

   Causative         Applied  

 a. pind-a 

put-a 

pind-its-a 

put-its-a 

pind-il-a 

put-il-a 

'bend' 

'provoke' 

 b. lemb-a 

konz-a 

lemb-ets-a 

konz-ets-a 

lemb-el-a 

konz-el-a 

'write' 

'correct' 

 c. bal-a 

kaŋgaz-a 

bal-its-a 

kaŋgaz-its-a 

bal-il-a 

kaŋgaz-il-a 

'give birth' 

'hurry up' 

 

                                                           
2
 The data here are taken from the second author's fieldwork and publications, all concerning the Samhar dialect. 

Aperture harmony is presented in detail in Palmer (1956). Previous analyses include Lowenstamm & Prunet 

(1988) and Author (Sometime). 
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We will now apply our formalism to both languages, and show that the same process is at 

play in both. The only difference is that Tigre is a type (5a) language, and Chichewa is a type 

(5b) language. Their basic inventories are as shown in (9a) and (9b) respectively. 

 

(9)  The vocalic systems of Tigre and Chichewa  

 

a. Tigre     V    V    V    V   V 

       ■    ■    □    ■   □   = tier 1 

         ■    □        □      = tier 2 

            I/U  I/U 

/a/      /e o/     /i u/   /ə/  [ɨ] 

 

  b. Chichewa   V    V    V 

       ■    □    □         = tier 1 

              ■    □         = tier 2 

            I/U  I/U 

/a/      /e o/     /i u/ 

 

In Tigre, the mid vowel /ə/ undergoes AH triggered by the (following) low vowel /a/, as 

shown in (10a). In Chichewa, the high vowels undergo AH triggered by the (preceding) mid 

vowels /e,o/, as in (10b). In both cases, harmony consists of replacing an available □-slot on 

tier 2 with an unavailable ■-slot. This is a simple assimilatory process, resolving dissimilarity 

with identity. We will refer to this assimilation as "alignment".
3
 Importantly for what follows, 

AH and alignment obey tier locality in operating along the same tier. 

 

(10) Aperture harmony in Tigre and Chichewa 

 

a. Tigre  V  V   V  V  b. Chichewa V  V   V  V 

■  ■   ■  ■       □  □   □  □   = tier 1 

□ ← ■   ■  ■       ■ → □   ■  ■   = tier 2 

              I  I   I  I 

     /ə  ...  a/   [a  ...  a]      /e  ...  i/   [e  ...  e] 

 

The high vowels /i,u/ (and [ɨ], cf. §2 below) are unaffected by a following /a/ in Tigre. This 

fact is expected given the template preservation principle in (6): as /i,u/ involve a single 

(available) slot, alignment on tier 2 would enlarge the lexical template. Also, /a/ does not 

trigger harmony in Chichewa because it does not involve a slot on tier 2 as it does in Tigre. 

Thus, our architecture correctly excludes high vowels from the set of undergoers of AH in 

Tigre, and the low vowel from the set of triggers in Chichewa. 

Furthermore, our proposal leads to an interesting generalization regarding color. Like their 

high counterparts, the mid vowels /e,o/ do not undergo alignment in Tigre either, although 

like the undergoer /ə/, they do involve an unavailable ■-slot on tier 1 and an available □-slot 

on tier 2. Instead, harmony is blocked. We claim that this is because that □-slot is occupied by 

a color element (I/U) which would be erased if the available slot were replaced with an 

uncolorable ■-slot. Thus, in addition to the principle in (6), it will be assumed that aperture 

                                                           
3
 Much work in Element Theory has described harmony as head-alignment (cf. Polgárdi 1998). 
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harmonies are constrained by the principle of color preservation in (11) below. Note that in 

Chichewa color is preserved after alignment: there is no violation of color preservation in 

(10b). 

 

(11) Color preservation principle: 

  All processes affecting vowel templates are color-preserving. 

 

With the introduction of this principle, we are able to explain why only /ə/ undergoes AH in 

Tigre. 

Finally, a general note is due here as to the tier on which alignment occurs. In both 

languages discussed, alignment operates on the terminal tier. One may ask why there is no 

alignment on tier 1. In fact, for the systems hitherto examined, a reason has already been 

proposed: such alignment would violate either template preservation or color preservation, 

both of which are independently necessary. However, the possibility of alignment on tiers 

other than the last tier is not ruled out in principle. We return to it in §3. 

We have analyzed aperture harmony in both Tigre and Chichewa as operating locally 

along a single tier, tier 2. The analysis allowed us to illustrate the two contrast hierarchies that 

are possible in our approach. The difference between the two languages involved a single 

parameter setting: whether the augmented prime on tier 1 is □ or ■. 

 

1.3 Raising harmony: available slots can also be aligned 

AH in both Tigre and Chichewa involves lowering, and was accordingly analyzed as the 

replacement of an available □-slot with an unavailable ■-slot in the target expression. The 

motivation for this replacement was alignment: after the replacement, the same type of slot is 

found in both expressions on a given tier. Yet alignment can be satisfied by the opposite 

operation, too, i.e., by replacing the unavailable ■-slot in a target with an available slot □. 

Such alignment would result in the target vowel being raised. Our proposal therefore predicts 

the existence of systems that repair non-alignment by raising rather than lowering. 

This repair can be illustrated with the system of Pasiego Spanish (Penny 1969), analyzed in 

McCarthy (1984) and Vago (1988). The language exhibits a five-vowel system (with some 

complications that can be set aside here). As shown in (12), mid stem vowels /e,o/ are raised 

to [i,u] before stressed high vowels. 

 

(12) Pasiego Spanish raising harmony 

  

a. bebér 'drink'  koxér 'take'  INF 

 bebémus   koxémus   1PL.PRES.INDIC 

 beberé   koxeré   1SG.FUT 

        

b. bibíːs   kuxíːs   2PL.PRES.INDIC 

 bibía   kuxía   1SG.IMPERF.INDIC 

 bibiría   kuxiría   1SG.COND 

  

The hierarchy in Pasiego Spanish is like that of Chichewa. It is repeated for convenience in 

(13a). The alignment operation is depicted in (13b): the unavailable ■-slot of a mid vowel is 

replaced by the available □-slot for the sake of alignment, and the color of the target 

expression spreads to occupy the new □-slot.  
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(13) Hierarchy and alignment in Pasiego Spanish 

 

a. Hierarchy b. Raising harmony 

 

               V 

 

         □       ■       = tier 1 

 

     □         ■               = tier 2  

    /i,u/     /e,o/     /a/     

V        V      V      V 

□       □       □     □         = tier 1 

■    ← □        □     □         = tier 2 

   U         I              U      I 

   

 /o    ...    í/        [u  ...  í] 

  

As predicted, the requirement for alignment can be satisfied not only by replacing □ with ■, 

but also by replacing ■ with □. Like the previous cases of alignment, the process discussed 

here respects tier locality. 

In this first section, we have discussed alignment and aperture harmony. Many languages 

exhibit another type of harmony, color harmony. A central claim in our formalism is that 

color and height are different dimensions: color is melody, height is structure. Our account 

therefore predicts there to be differences between color and aperture harmonies. One such 

difference is already apparent in (13b): when /o/ is aligned with /i/, only the type of slot is 

aligned; the color of /o/ remains the same. The principle of color preservation (11) is not 

violated. 

Our model makes an additional prediction regarding color harmony. Because color resides 

on a different dimension from aperture, it is not associated to any tier. It is therefore predicted 

that color harmony need not respect tier locality. In the next section we take a closer look at a 

case of color harmony which confirms this prediction. 

 

 

2  Color harmony  

 

2.1 Color harmony is different 

 

Alongside aperture harmony, Samhar Tigre also exhibits color harmony. Again, the target is 

/ə/. It is optionally colored into [o] by a following round vowel or /w/ (Author, Sometime). 

Thus, as illustrated in (14) some of the verbal forms already shown above exhibit alternative 

realizations: 

 

(14) Color harmony in Samhar Tigre 

 

a. 'write', PERF  b. IMP 

1 SG kətəb-ko ~ kotob-ko  2 MSG ktəb 

   PL katab-na    FSG ktəb-i 

2 MSG katab-ka    MPL ktəb-o ~ ktob-o 

  FSG kətəb-ki    FPL ktab-a 

  MPL kətəb-kom ~ kotob-kom    

  FPL kətəb-kɨn    

3 MSG katba    

   FSG kətb-ət    

   MPL kətb-əw ~ kotb-ow    

   FPL katb-aya    
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Consider the representation of this process in our approach. In (15a), the sequence /ə…o/ is 

transformed into [o…o] through the propagation of the color element of the second expression 

onto the available □-slot on tier 2 of the first expression. In terms of the type of slot on tier 2, 

the two expressions are aligned. This alignment may give the impression that the same 

process is at work in (15a) as in aperture harmony. In fact, alignment is not a factor in color 

harmony. Indeed, color harmony occurs also before /u/, which in our system involves only a 

single colored slot on tier 1. For instance, /ktəb+Cu/ 'write it!' is realized either [ktəbbu] or 

[ktobbu]. As shown in (15b), such surface realizations are obtained by spreading of the color 

element, not by alignment. 

 

(15) Tigre color harmony with templatic vowels  

 

a. V  V   V  V      b.  V  V   V  V 

■  ■   ■  ■       ■  □   ■  □   = tier 1 

□  □   □  □       □     □     = tier 2 

U       U         U    U   

   /ə  ...  o/   [o  ...  o]      /ə  ...  u/   [o  ...  u] 

 

The process in (15a,b) is quite different from that in (10b) and (13b) above. Here, a color 

element, which does not reside on a tier, ends up occupying an otherwise empty, available slot 

□. Rather than a local operation along a tier, (15a,b) describe template satisfaction: an empty 

slot is filled when its filling is possible. This logic is supported by the fact that the non-round 

vowels /a e i/ do not undergo color harmony. Indeed, /e,i/ already involve available I-colored 

slots and, given the impossibility of *[y ø] in Tigre, U-harmony would violate the color 

preservation principle in (11) by entirely replacing I with U. The vowel /a/, in turn, involves 

two unavailable ■-slots, to which U cannot be associated. 

Aperture and color harmony are thus different. Aperture harmony is local and its rationale 

is to align the type of slot on tier 2. In contrast, color harmony is template satisfaction, 

operating not on tiers but on individual empty slots. Such empty slots are filled through the 

spreading of a color element. This difference between the two types of harmony seems to be 

an exclusive prediction of our templatic approach: it is a result of regarding aperture as 

realizing a slot unlike the colorable slots. Further motivation for this fundamental difference 

between the two types of harmony is provided in the next section. 

 

2.2 Color harmony as template satisfaction: further motivation    

In the previous sections, we have not examined the behavior of the epenthetic vowel of Tigre. 

As mentioned, this vowel is usually realized [ɨ]. In Element Theory, epenthetic vowels are 

regarded as realizing empty positions. Our adaptation of this view was presented in (9a), and 

is repeated in (16) for convenience. Epenthetic vowels in Tigre are empty templates: 

 

(16) Epenthetic vowel 

 

 

 

 [ɨ] 

 

          V        

         □      = tier 1  

            = tier 2  
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The epenthetic vowel of Samhar Tigre exhibits asymmetrical behavior with respect to the 

two types of harmony. Besides [ɨ], it may also be realized as [u] before a rounded vowel or 

/w/, as in (17c). In this case, the color harmony can continue to affect preceding vowels as 

well. However, before a vowel [a] the quality of the epenthetic vowel remains [ɨ]. Moreover, 

aperture harmony never applies across epenthetic vowels, as shown in (17d). 

 

(17) Epenthetic and harmony in the imperative paradigm of [tərgɨm] 'translate' 

a. MSG tərgɨm   

b. FSG tərgɨm-i   

c. MPL tərgɨm-o ~ tərgum-o ~ torgum-o   

d. FPL tərgɨm-a, *targɨm-a   

 

This state-of-affairs actually follows from our construal of the Tigre system. Consider the 

representation in (18) of an empty, available □-slot before a rounded vowel /o/. Through the 

logic of template satisfaction, we expect the color element to spread to any preceding empty 

slot, and yield [uCo], as indeed it does. Since color does not reside on a tier, it may continue 

to preceding vowels. The same effect will hold before /u/ or /w/. 

 

(18) Tigre color harmony: empty, available slot as target 

V  V   V  V       

□  ■   □  ■    = tier 1    

  □    □    = tier 2    

U       U        

   [ɨ] ... /o/   [u  ...  o]       

 

Now consider the case of an uncolored, available slot □ before a vowel /a/, as in (19). If 

alignment were to take place, the result would imply an expression with an empty available □-

slot on tier 1 and an aperture ■-slot on tier 2. This is not a possible structure in Tigre, whose 

parameter setting bans two-slot expressions with an empty □-slot on tier 1. In other words, 

aperture harmony here would give rise to an illicit structure, which violates template 

preservation in (6). We submit that [ɨ] is neutral in relation to AH for this reason. Being 

neutral, [ɨ] blocks harmony. Consequently, harmony cannot continue to lower a preceding 

/ə/.
4
 

 

(19) Tigre aperture harmony: uncolored □-slot as target  

V  V    V  V       

□  ■    □  ■   = tier 1   

  ■    ■  ■   = tier 2    

  [ɨ] ... /a/     *[?? ... a]       

 

To summarize, our basic distinction between aperture and color led us to assume the very 

same process within different systems for Tigre and Chichewa. It also led us to a fundamental 

difference between aperture and color harmonies: the former involves replacing a slot, the 

                                                           
4
 As will be made clear in §3.3 (cf. note 7), neutral vowels may be either opaque or transparent vis-à-vis 

harmony depending on the language. At any rate, our proposal explains why [ɨ] is neutral with respect to AH but 

not to U-harmony, which cannot therefore be blocked. 
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latter involves filling it. This fundamental difference makes predictions regarding the scope of 

the harmony, and these predictions are indeed borne out. 

 This concludes the discussion of the simple cases of 3-height systems. In the next section, 

we return to alignment and show how our account extends to systems whose hierarchies are 

more complex than those of Tigre and Chichewa, and to the harmony processes in such 

systems.  

 

 

3 Cross-height harmonies  

 

3.1 Asymmetry and symmetry in vowel systems 

 

So far, our analysis was based on an asymmetric view of vowel systems shown in (3a,b), and 

repeated in (20) for convenience. According to this view, either unavailable ■-slots or 

available □-slots can be augmented through branching.  

 

(20) Asymmetric 3-height systems 

 

a.        V        b.     V 

 

  □   ■         □     ■      = tier 1 

 

 □     ■             □  ■     = tier 2 

   /i,u/    /e,o/  /a/       /i,u/ /e,o/     /a/ 

 

Such vowel systems can generate 4 I- or U-colored vowels and 3 uncolored vowels (/ɨ ə a/) at 

the most. The question therefore arises as to the architecture of more complex systems. We 

will argue that such complexity can be generated via two means. 

 The first simply involves one additional branching. This, as shown under (21a,b), yields 

well-known 4-height systems. 

 

(21) Asymmetric 4-height systems 

 

a.       V      b.    V 

 

□     ■      □    ■      = tier 1 

 

   □   ■           □  ■     = tier 2 

 

   □   ■                □   ■    = tier 3 

          /i u/    /e o/  /ɛ ɔ/  /a/     /i u/  /e o/  /ɛ ɔ/ /a/ 

 

The second strategy consists of the combination of (20a) and (20b). As shown in (22), such 

systems may emerge from a symmetric hierarchy which allows both structures in (20); both 

available □-slots and unavailable ■-slots can branch.  
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(22) Symmetric system 

 

            V 

 

     □               ■       = tier 1 

 

 □        ■    □        ■     = tier 2 

      /i u/      x    y     /a/ 

 

 Interestingly, the systems in (21) and (22) are both represented in the literature. In (21), as 

in (20), certain primes may appear more than once in a single expression; this is reminiscent 

of Schane's (1984) Particle phonology (though only aperture, not color, is directly concerned 

here). The symmetric system in (22) can be compared to the proposals of Dependency, 

Radical cv and Government phonologies, the slots on tier 1 apparently playing the role of 

"heads". We claim here that, far from being the mere product of different theoretical 

frameworks, both systems do exist in the world languages. Indeed, they lead to different 

predictions regarding the behavior of vowels. 

 Asymmetric systems like the one in (21) can be found in such languages as Italian or 

Brazilian Portuguese. Typically, in these systems the size of the vowel templates is 

constrained by stress: through the conflation of tiers 1 and 2, 3-slot vowels reduce to 2-slot 

vowels in unstressed syllables, leading to a 3-height system like those in (20). We do not 

explore these systems further, as the phenomenon of contrast reduction lies beyond the scope 

of this article. 

 In contrast, size cannot be a factor in the symmetric system in (22), since all vowels have 

the same size. (22) bears two other characteristics: (i) x and y do not necessarily differ in 

height, as both have one available □-slot and one unavailable ■-slot; (ii) symmetry creates a 

proportional relationship such that x is to /i u/ what /a/ is to y. In addition, symmetric systems 

are relevant to the issue of the tier on which alignment occurs. The three cases of AH in §1 all 

involved lowering or raising by alignment of slots on the terminal tier. Alignment on tier 1 

was ruled out by general principles, namely color preservation and template preservation. Not 

so in symmetric systems such as (22). As we will see, symmetry makes alignment possible on 

tiers other than the terminal tier, without violating the Structure preservation principle in (6). 

Of course, alignment on different tiers yields different results. We examine these results in 

the next two subsections. First, we study aperture harmony in the eight-vowel, symmetric 

system of Moro. We then turn to some examples of harmony occurring on non-terminal tiers: 

these are the well-known instances of what is commonly called ATR-harmony. As will be 

seen, all these processes are cases of what has been referred to as "cross-height" harmonies, as 

the natural classes involved do not comprise vowels of the same height. 

 

3.2 Symmetry and aperture harmony in Moro 

 

Moro is a Kordofanian language spoken in the Nuba mountains. The data here come from 

Ritchart & Rose (2015), henceforth R&R. R&R report that Moro has been described as 

exhibiting seven contrastive vowels /i u a e o ʌ ə/ (the latter vowel is not epenthetic). In their 

paper, they argue for the existence of an eighth vowel. In this subsection, we will see that a 

construal of Moro as a symmetric system not only accounts for the AH pattern of Moro, but 

also shows why the existence of an eighth vowel is very much expected. The account also 

provides yet another reason to distinguish between melody and templatic structure. 



 

12 
 

As shown in (23), in Moro, the vowels /e o a/ are raised to [i u ʌ] by adjacent [i u ʌ].
5
 We 

will discuss /ə/ and R&R's additional vowel below. 

 

(23)  Moro raising harmony: all vowels except /ə/ 

a. é-g-a-vað-ó 'I shaved'   d. í-g-ʌ-vʌg-ú 'I miscarried' 

b. é-g-a-veð-ó 'I knocked'   e. í-g-ʌ-kið-ú 'I opened' 

c. é-g-a-toð-ó 'I woke up'   f. í-g-ʌ-t̪ʌt̪-ú 'I waited for' 

 

The asymmetric hierarchies we proposed for Italian and Brazilian Portuguese are unfit for the 

description of this case of AH, since they provide no common slot either to the triggers (/i u 

ʌ/) or to the target vowels (/e o a/). Instead, we propose that Moro exhibits a two-tier 

symmetric hierarchy. As shown in (24), there are two tiers, but both available □-slots and 

unavailable ■-slots can branch: 

 

(24) The Moro vowel system: first approximation 

 

            V 

 

     □               ■       = tier 1 

 

 □        ■    □        ■     = tier 2 

         /i u/          /e,o/       /ʌ/            /a/ 

 

As in Pasiego Spanish, alignment operates on tier 2 through the replacement of an unavailable 

■-slot with an available □-slot, as shown in (25).
6
 And as in Pasiego Spanish, there is no color 

harmony in Moro: tier 2 is aligned, but the color of the trigger does not affect the color of the 

target, which remains colorless (in the case of a target /a/). This is yet another empirical 

reason to distinguish aperture harmony from color harmony. 

 

(25) Height harmony in Moro 

 

a.  V  V   V  V    b.  V  V   V  V 

■  ■   ■  ■      □  ■   □  ■   = tier 1 

□ → ■   □  □      □ → ■   □  □   = tier 2 

            I             I   

    /ʌ      a/   [ʌ      ʌ]      /i      a/    [i      ʌ] 

 

Unlike Pasiego Spanish, however, Moro harmony is particular in that it involves two aperture 

classes – /i u ʌ/ and /e o a/ – whose members do not share the same height degree. It is a case 

of cross-height harmony. 

We may now turn to the vowel /ə/. R&R report that at first sight, this vowel seems to 

exhibit ambiguous behavior. Some /ə/ vowels trigger raising, others don't. However, R&R 

                                                           
5
 See original paper for the reason to analyze the process as raising rather than lowering. 

6
 The position of /ʌ/ in the system in (24) deserves a comment. As a non-high vowel, and yet different from /a/, it 

must involve one unavailable ■-slot and one available □-slot. Thus, it can be positioned as in (24), but it could 

also switch positions with /e,o/. In this case, alignment in favor of the available □-slot would occur on tier 1. The 

reason for the choice in (24) is that it allows for simple generalization regarding color distribution: only the left 

branch may be subject to I/U-association. 
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conduct phonetic measurements which show that a vowel /ə/ that triggers raising is 

pronounced higher than one that doesn't. They conclude that there are in fact two schwas in 

Moro. Researchers have simply not been sensitive to this difference, probably because of its 

absence from their own native languages. 

Let us refer to the two schwas as higher /ə/ and lower /ɜ/. Their introduction into the 

system lends support to the hierarchy in (24). The symmetric system allows for the existence 

of lower /ɜ/ alongside higher /ə/ and the participation of both in vowel harmony. Indeed, (26) 

permits precisely two vowels involving available slots that are not associated with color 

alongside /ʌ/. Crucially, these vowels necessarily belong to different harmonic sets: /ə/ 

patterns with /i u/, and /ɜ/ with /e o/, as shown in (26). 

 

(26) The Moro vowel system: final analysis, including schwas 

            V 

 

     □               ■       = tier 1 

 

 □        ■    □        ■     = tier 2 

         /i u ə/         /e o ɜ/      /ʌ/           /a/ 

 

The different effects of the two schwas are shown in (27). A sequence /ə…a/ is unaligned. 

Accordingly, the available □-slot replaces the unavailable ■-slot on tier 2 in (27a), which 

results in [ə…ʌ]. In (27b) a sequence /ɜ...a/ is aligned to begin with, so no effect is expected.   

 

(27) Height harmony in Moro 

a. /ə/ raises         b. /ɜ/ does not 

 V  V   V  V      V  V   V  V 

□  ■   □  ■      □  ■   □  ■    = tier 1 

□ → ■   □  □      ■   ■   ■  ■    = tier 2 

   /ə       a/   [ə      ʌ]      /ɜ       a/    [ɜ     a] 

 

The analysis of Moro provided three additional pieces of support for our proposal. First, it 

illustrated a perfectly symmetric system, which is a logical possibility of our model. Second, 

evidence was adduced as to the need to distinguish between color and aperture harmonies. 

Finally, the symmetric hierarchy that was proposed for Moro managed to allow for the 

existence of two participatory "schwas", as suggested by the analysis in R&R.  

However, in terms of the tier on which alignment occurs, Moro is not different from the 

previous languages we examined. In the next subsection, we will see alignment operating on 

tiers other than the terminal tier. 

 

3.3 ATR harmony 

 

The Moro system in the previous section displayed full symmetry. We will now see how other 

types of symmetry may involve alignment on other tiers, yielding [±ATR] harmony. 

The relevant facts about [+ATR] harmony are summarized by Morton (2012: 70-71): "In 

languages that exhibit [ATR] harmony, there is one set of vowels pronounced with the root of 

the tongue advanced (…), i.e. [+ATR] vowels [typically /i u e o/]. There is also a second set 

of vowels pronounced without this feature, i.e. [–ATR] vowels [typically /ɪ ʊ ɛ ɔ a/]. There are 
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certain contexts, usually in affixes [as in (28) below], where the contrast between pairs of 

[+ATR] and [–ATR] vowels (of roughly the same height and backness) is neutralized, with 

the vowel of the affix taking on the [ATR] quality of the vowel(s) in the root to which the 

affix is attached." As a rule, there are no words with mixed ATR values. The data in (28) 

come from Maasai (Quinn-Wriedt 2013: 5-6). 

 

(28) a. Non-ATR roots, non-ATR affixes  

/ɛ-ɪ-ŋɔl/   [ɛɪŋɔl]   3SG.PRES     'stir' 

/ɪ-ɪ-dʊr-ʊ/   [ɪdʊrʊ]   2SG.PRES.DIR   'move this way' 

/kɪ-dɛtɪdɛt/   [kɪdɛtɪdɛt]  2PL.PRES     'dream' 

/kɪ-rɪp-ɪʃɔ/   [kɪrɪpɪʃɔ]  1PL.PRES.INTR    'sew' 

/nɛ-mɪ-rɪp/   [nɛmɪrɪp]  2SG.NEG.FUT    'sew' 

/ɛ-nʊk-ɪʃɔ/   [ɛnʊkɪʃɔ]  3SG.PRES.INTR   'cover' 

 

b. ATR roots 

/ɛ-ɪ-bok/   [eibok]   3SG.PRES     'hinder' 

/ɪ-rik-ʊ/    [iriku]   2SG.PRES.DIR    'guide this way' 

/kɪ-ken/    [kiken]   2PL.PRES     'shut' 

/kɪ-pon-ɪʃɔ/  [kiponiʃo]  2PL.PRES.INTR    'cut the ears of an animal' 

/nɛ-mɪ-duŋ/  [nemiduŋ]  2SG.NEG.FUT    'cut' 

/ɛ-irrug-ɪʃɔ/  [eirrugiʃo]  3SG.PRES.INTRANS  'bend something down' 

 

ATR harmony, like AH, is color-free. However, it cannot be accounted for with 

asymmetric systems. Let us recall why. As systems with ATR harmony involve more than 

three height vowels, let us assume that [±ATR] contrasts simply require additional height 

degrees. Thus, 9-vowel systems like the one typically exhibiting ATR-harmony (/i ɪ e ɛ a ɔ o 

ʊ u/) should imply one further branching, and the resulting 4-tier representations in (29). 

 

(29)  A (failed) asymmetric representation of ATRness 

    V   V   V   V   V 

  □   □   □   □   ■    = tier 1 

    □   □   □   ■       = tier 2 

    □   □   ■          = tier 3 
    □   ■             = tier 4 

   /i u/     /ɪ ʊ/    /e o/    /ɛ ɔ/  /a/ 

 

However, as can be seen in (29), such purely scalar representations provide no common slot 

for all [+ATR] vowels /i u e o/ which could act as the harmonic component. 

 Within our model, the only way for ATRness to emerge is if a language allows some 

degree of symmetry, where both available □-slots and unavailable ■-slots can branch. The 9-

vowel ATR system of Maasai is shown in (30). 
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(30) Maasai vowel system 

                 V 

 

     □        ■    = tier 1 

 

 □        ■       = tier 2 

 

   □   ■   □    ■     = tier 3 

       /i u/    /e o/    /ɪ ʊ/ /ɛ ɔ/   /a/ 

 

Given the hierarchy in (30), ATR-harmony is tier 2 alignment in favor of the available □-slot, 

as shown in (31) with prefixes and ATR roots. 

 

(31) Maasai vowel harmony 

a.  V  V   V  V   b.  V  V   V  V 

□  □   □  □     □  □   □  □   = tier 1  

■  ← □   □  □     ■  ← □   □  □   = tier 2 

□  ■   □  ■     ■   □   ■  □   = tier 3 

/ɪ  o/  [i  o]     /ɛ  u/  [e  u] 

 

In such a system, where [+ATR] is the "dominant" feature, /a/ is neutral: it is [–ATR] by 

default, and lacks a [+ATR] counterpart. It is the only exception to the generalization that 

there are no words with mixed ATR values in Maasai. Indeed, /a/ lacks the tier where 

harmony takes place. Relatedly, the low vowel is opaque: not only does it fail to participate in 

the harmony process, it also blocks ATR spreading, as shown in (32) (Quinn-Wriedt 2013: 8). 

 

(32) Opaque low vowel  

a. /ɑ-ɪ-bok/     [ɑibok]    1SG.PRES      'hinder' 

b. /ɑ-rik-ʊ/     [ɑriku]    1SG.PRES.DIR     'guide this way' 

c. /nɛ-mɑ-ɪ-puk/   [nɛmɑipuk]  1SG.NEG.FUT     'flee' 

d. /nɛ-mɑ-pon-ie/  [nɛmɑponie]  1SG.NEG.FUT.CAUS   'cut the ears of an animal' 

e. /kɪ-tɑ-ked-ɑ/   [kɪtɑkedo]   2PL.PST       'climb' 

f. /ɪ-tɑ-duŋ-ɑ/    [ɪtɑduŋo]   2SG.PST       'cut' 

 

The neutrality of /a/ is predicted by the hierarchy in (30). If /a/ received an available slot on 

tier 2, the template preservation principle would be violated: the hierarchy in (30) disallows 

an unavailable ■-slot on tier 1 dominating an available □-slot on tier 2. The reason for /a/ 

opacity is thus the same as the one that explains [ɨ] opacity vis-à-vis AH in Tigre (cf. §2.2).
7
 

Note that symmetric structures can provide an ATR counterpart to /a/. This is shown in 

(33) for the less common 10-vowel ATR-harmony languages such as Diola (Sapir 1965). 

Given the hierarchy in (33), ATR-harmony is alignment in favor of the available □-slot on tier 

1. Note that, as the [+ATR] low vowel /ɜ/ involves an available slot (on tier 1), it may host 

                                                           
7
 In fact, languages diverge as to whether the neutral vowel is opaque, as in Maasai, or transparent with respect 

to ATR harmony, as in Kinande (discussed in Backley 1998). Both possibilities are allowed by our proposal 

according to whether or not locality outranks alignment in the harmonic constraint hierarchy. 



 

16 
 

I/U-melodies. This is indeed the case, since this vowel happens to be colored in many 

languages: as reported by Casali (2008), it can be [e], or [o] (especially in East Africa).
8
 

 

(33) Diola vowel harmony 

            V 

 

     □               ■       = tier 1 

 

 □        ■    □        ■     = tier 2 

 

   □   ■       □    ■        = tier 3 

       /i u/    /e o/   /ɜ/     /ɪ ʊ/ /ɛ ɔ/      /a/ 

 

We have thus seen how ATR harmony may involve alignment on non-terminal tiers 1 and 2. 

A final aspect of this type of harmony that we would like to discuss is the notion of 

dominance. There are two typological generalizations with respect to dominance. The first 

was mentioned above: if a vowel is neutral vis-à-vis ATR harmony, then that vowel carries 

the non-dominant feature. The second generalization is provided by Casali (2003: 370). 

Discussing 7/8-vowel systems, he observes that "the dominant [ATR] value in a [7/8-vowel] 

language is strongly correlated with underlying inventory (…)." Thus, in languages that 

display an ATR contrast only in mid-vowels ([e o] vs [ɛ ɔ]), [−ATR] is the dominant feature.
9
 

As it happens, our approach can derive the second generalization from the first. 

In our model, dominance corresponds to the slot-type favored by alignment, the available 

□-slot or the unavailable ■-slot. Consider the case of Wolof (Pulleyblank 1996), an 8-vowel 

language displaying [ATR] contrast only for non-high vowels [e ɛ ; ɜ a ; o ɔ]. Its contrast 

hierarchy – a mirror-image of Maasai's hierarchy in (30) – is given in (34). In such a system, 

ATR harmony must occur on tier 2, as other patterns would violate the Structure preservation 

principle. Moreover, given the first generalization above, our system predicts which slot type 

will be favored. The architecture in (34) implies that high /i u/ should be neutral via-à-vis 

ATR harmony, because their template does not reach the relevant tier. This is indeed the case 

in Wolof, where /i u/ are opaque. Now, the first generalization above stated that neutral 

vowels bear the non-dominant feature. High /i u/ involve the available □-slot. Alignment on 

tier 2 is thus expected to favor the unavailable ■-slot, which is shared by all and only [−ATR] 

vowels. Indeed, Casali's generalization states that in such systems, [−ATR] is dominant. 

 

(34) Wolof vowel harmony 

              V 

 

     □        ■        = tier 1 

 

       □        ■      = tier 2 

 

    □    ■  □    ■    = tier 3 

          /i u/    /e o/  /ɜ/    /ɛ ɔ/   /a/ 

                                                           
8
 This is consistent with the idea that unavailable ■-slots cannot be colored. Front and rounded low vowels ([æ, 

ɒ]) involve at least two slots, one of which is available and colored. 
9
 Conversely, [+ATR] is the dominant feature when a system displays an [ATR] contrast only in high vowels. 
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Thus, given our architecture, the correlation between vowel inventory and dominance is 

derived from the identity of the neutral vowel. 

In this section, we have extended our formalism to include more complex types of vowel 

harmony. It was shown to be able to distinguish formally between two types of systems: 

asymmetric and symmetric. The former type corresponds to 4-height systems with no cross-

height harmonies, the latter to systems with cross-height harmonies, the most notorious 

example being ATR harmony. Importantly, once the latter are construed as symmetric, ATR 

harmony results from the exact same operation as height harmony: the alignment of templates 

on a given tier. We consider this result to be a major advantage of our approach. 

In the next section, we summarize our proposal and comment on it from several wider 

theoretical and typological perspectives.  

 

 

4  Conclusion: parameters, markedness and feature emergence 

 

We began this paper with a problem that plagues unarist systems of contrast: the need to 

distinguish both color element I/U from the low element A. We then proposed a templatic 

theory of vocalic expressions which, among other things, does just that. In our system, 

aperture was entirely divorced from the color elements I and U and made into a structural 

distinction. 

Our proposal was applied to two empirical domains, vowel contrast and vowel harmony. A 

typology of vowel contrast was put forth which can be summarized in the following manner. 

All languages, it seems, share at least the basic distinction between open and closed vowels, 

which we defined at the templatic level. Once the color elements I/U are factored in, 

languages vary according to the following parameter. Given the possibility of augmentation 

through branching, it must be determined which of the two types of slots is augmented on tier 

1: available □, unavailable ■, both or neither. In all cases but the latter, the parameter must be 

set again for tier 2. We've not detected a system that requires the parameter to be set on tier 3, 

though this does not seem to be excluded by the system in principle. It also seems that if only 

one slot type may branch on both tiers, it will be the same slot type. 

 

(35)  Parameters and setting 

Branching Slot □ ■ Examples provided 
10

 

Tier 1 

- + Tigre, (European Portuguese) 

+ - Chichewa, Maasai, Italian, Brazilian Portuguese 

+ + Moro, Diola 

- - Arabic, Quechua 

Tier 2 

- + (European Portuguese) 

+ - Italian, Brazilian Portuguese, Diola 

+ + Maasai, Wolof 

- - Tigre, Chichewa, Moro 

 

The bulk of the paper was devoted to the advantages of our proposal for the understanding 

and formalization of vowel harmony. Aperture harmony, whether raising or lowering, was 

                                                           
10

 Raising assimilation processes support □-branching in Italian (cf., e.g., Savoia 2016) and Brazilian Portuguese 

(cf. Câmara 1977: 60). For European Portuguese, unmentioned above, cf. Carvalho (2011). 
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analyzed as an assimilatory process, creating structural identity on a given tier. ATR harmony 

was analyzed in the same manner, rather than by assuming an ATR feature.  

Our conceptualization of vocalic expressions leads to a view of color harmony as different 

from aperture and ATR harmonies. Rather than operating on a structural level, color harmony 

is the association of the color element of one available slot to another. This difference was 

supported by several empirical facts from several languages. 

We believe that our proposal is preferable to previous attempts to distinguish between 

color and aperture. Kaye et al.'s (1985) concept of "charm" (A
+
 vs I

0
, U

0
) requires an ad hoc 

prime which is unnecessary in our approach. The spirit of our proposal is closer to Van der 

Hulst's (2005, 2012a,b) Radical cv Phonology or Pöchtrager's (2006) GP 2.0. Van der Hulst 

distinguishes, on the one hand, between A/non-A (Ɐ) and I/U based on a wider distinction 

between Manner and Place categories respectively. On the other, the members of these two 

couples are supposed to be dominated by different generic primes: while A is "vocalic" and 

depends on V, Ɐ is "consonantal" and depends on C. In a way, we have proposed an even 

more radical divide. While Van der Hulst's primes have the same formal status, all being 

melodies, in the present proposal vocalic "manner" properties are based on pure structure. In 

this sense, we share with Pöchtrager (2006) the view of A as structure. However, it follows 

from his approach (in ways which are impossible to show here) that all harmony must involve 

color. Yet the literature abounds with cases of aperture harmony that do not involve color 

elements, some of which were treated here. 

Unlike Pöchtrager's syntax-inspired structure, ours has been defined as a template. Indeed, 

it shares with the commonly accepted notion of template in phonology (McCarthy 1981, 

Lowenstamm 2003) at least three typical properties: varying size, shape and colorability. For 

example, as shown in (3), high and low vowels may differ from language to language in the 

number of slots they involve. As to shape, mid vowels may also differ according to whether it 

is the ■-slot or the □-slot that branches on tier 1. Lastly, by hosting or not hosting I/U 

elements, available slots play a similar role to skeletal units like C and V positions to which 

melodies associate. 

We further contend that our proposal accounts for the typology of contrast in the most 

elegant, economic way. Indeed, from a wider perspective, the proposal in this paper carries 

quite a few implications for the notion of markedness. As is well known, the most common 

vowel system consists of five vowels. In our terms, such systems consist of minimal use of 

the tools of branching, available and unavailable slots and the I-U elements. They involve one 

slot type branching and all available slots occupied by either color element. Other, less 

common and more marked systems deviate from this standard. For instance, they might, like 

Tigre and Moro, allow available slots to remain empty. They might involve recursive 

branching, or more than one branching by tier, like Moro and ATR harmony languages. 

Another possibility is the combination of two color elements in the same expression, yielding 

front round vowels. 

  A final remark is due regarding the emergent nature of phonological features, a topic made 

central ever since Mielke (2004). Our research is neutral as to the issues of innateness and 

language acquisition in which we have no competence. We will limit ourselves to the 

following comment. All representations given above are hierarchies of contrasts involving the 

same two primes, available □-slots and unavailable ■-slots. It is the variable form of these 

hierarchies that generates different inventories and phonological patterns, as the distribution 

of slots determines the property associated to each tier. For example, as shown in (36), the 

three tiers of Maasai vowel system can easily be glossed under the (convenient) labels of 
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[±high], [±low] and [±ATR] features. Importantly, however, our slots are not features; this is 

a crucial difference between our proposal and Dresher's (2009) feature-based approach. 

 

(36) Maasai: tiers as features 

 

              V 

 

     □        ■    = "[±low]"  tier 1 

 

 □        ■       = "[±ATR]" tier 2 

 

   □   ■   □    ■     = "[±high]"  tier 3 

       /i u/    /e o/    /ɪ ʊ/ /ɛ ɔ/   /a/ 

 

In this sense, at least some of the vowel features can be said to be emergent. We believe that 

deriving features from structure is a promising line of investigation in phonological theory. 
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