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English Language & Literature 43.4 (2017): 153-179. This study delves into various realizations of a 
homorganic nasal plus an obstruent stop sequence where a coronal /nt/ shows an opaque and a transparent 
realization word-finally and word-medially. The different realizations of the coronal /nt/ sequence in 
different positions inside the word stem from the interactions among the following cases: nasalization of 
a vowel before a nasal consonant, deletion of a nasal between a nasalized vowel and a voiceless 
consonant, and deletion of a post-nasal /t/ word-medially in English. It is claimed in this study that such 
asymmetrical realizations of the /nt/ realizations word-medially and word-finally are attributed to 
prohibition against a shortened nasal between a nasalized vowel and a voiceless consonant; it is also 
affected by the deletion of the [t] in the heterosyllabic [n.t] in order to avoid the undesirable sequence. 
However, other cases of homorganic nasal plus an obstruent stop sequences show symmetrical realizations 
in different word positions. Thus, all the other NC̥ sequences show an opaque realization due to the 
high-ranking *ṽNC̥ and other constraints while the other NC̭ clusters show a transparent realization 
because of high-ranking *NC̭Peri]ttσ and Max-NC̭Cor with other constraints word-medially and word-finally. 
All these complex-looking NC realizations are accounted for by the procedural theoretical framework 
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I. Introduction

  Opacity in phonology can be observed when an output form contains a structure 
where a certain sequence of structure, having undergone a phonological process, 
does not have a phonological motivation or an output structure does not undergo a 
process even though a phonological environment is present. McCarthy(1999) dubs 
the former ‘not surface-apparent’ while the latter ‘not surface-true’ opacity case. In 
phonology, overapplication of a phonological process has to do with ‘not 
surface-apparent’ case where a phonological environment is erased in one stage of 
derivation before the final one. On the other hand, underapplication is related to ‘not 
surface-true’ case where a phonological process is implemented only at one stage of 
derivation. Thus, the effect of a process is reflected or contradicted in the output. 
These types of phonological opacity have been explained by rule ordering in serial 
rule-based approaches. For some speakers of English, the interaction of vowel 
nasalization and the deletion of a nasal consonant between a nasalized vowel and a 
voiceless consonant induces a case of non-surface-apparent opacity: /sɛnt/ → sɛ̃nt 
→ [sɛ̃t] ‘scent.’ In the output form, the vowel is nasalized but its motivation is not 
present, rendering a case of non-surface-apparent opacity. Such an opacity case can 
be explained by ordering the vowel nasalization rule before the nasal deletion rule. 
Along with this opacity case, there is an interesting case in English where the 
postnasal /t/ in the /nt/ is deleted word-medially instead of deleting a nasal before a 
voiceless consonant, which seems to override the opacity of nasal deletion between 
a nasalized vowel and a voiceless consonant. According to Ladefoged (2001: 58), 
the voiceless stop /t/ after a homorganic nasal deletes when it occurs over a syllable 
boundary as in painter and splinter:

  (1) /t/ → Ø / n.____ 

Accordingly when the /nt/ cluster occurs word-medially and the deletion of the /t/ 
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interacts with nasal deletion, the potential of deleting the /n/ before a voiceless 
consonant is preempted by the prior application of the /t/-deletion after a nasal 
consonant, creating a case of transparent realization where a vowel is nasalized 
before a nasal consonant. This intriguing case arises when a word ending with an 
/nt/ sequence is followed by a derivational suffix which puts the /nt/ at the 
word-medial position. The morphologically related words such as paint-painter or 
rent-renter represent two different realizations: the base words show opaque 
realizations while the derived words show transparent realizations for some speakers 
of North American English. For those cases, a reasonable analysis should be able to 
explain such related word-pairs without adding some other specific conditions. Thus, 
the aim of this study is to provide a comprehensive account which should explain 
both opaque and transparent realizations shown in morphologically related word-pairs 
in English. The theoretical framework we are going to adopt in this study is 
Harmonic Serialism (McCarthy, 2008, 2010) where analytic steps are allowed just 
like the serial derivation approach while the indispensible tenets of Optimality and 
Correspondence Theory are still maintained in it. After we provide a Harmonic 
Serialism account of morphologically related words which are involved with the 
medial and final /nt/ sequence, we will extend the analysis into other homorganic 
nasal plus obstruent stop (NC) sequences in English by slightly modifying the 
analysis for the coronal /nt/ sequences.  
  The study is structured as follows. Section 2 presents the examples of the study. 
Section 3 briefly discusses some former studies which are partially related to the 
current study. Section 4 provides an account which subsumes both opaque and 
transparent realizations of the English examples and the extended account of other 
homorganic sequences. Section 5 summarizes the study and present its implications 
for phonology. 
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a. /kawnt/ → [kãw̃nt] [kãw̃t] ‘count’
b. /kamɛnt/ → [kãmɛ̃nt] [kãmɛ̃t] ‘comment’
c. /grænt/ → [græ̃nt] [græ̃t] ‘grant’
d. /hɪnt/ → [hɪ̃nt] [hɪ̃t] ‘hint’
e. /hʌnt/ → [hʌ̃nt] [hʌ̃t] ‘hunt’
f. /ɪnvɛnt/ → [ɪ̃nvɛ̃nt] [ɪ̃nvɛ̃t] ‘invent’
g. /ʤɔynt/ → [ʤɔ̃ỹnt] [ʤɔ̃ỹt] ‘joint’
h. /mawnt/ → [mãw̃nt] [mãw̃t] ‘mount’
i. /pent/ → [pẽnt] [pẽt] ‘paint’
j. /pɔynt/ → [pɔ̃ỹnt] [pɔ̃ỹt] ‘point’
k. /plænt/ → [plæ̃nt] [plæ̃t] ‘plant’
l. /prɪnt/ → [prɪ̃nt] [prɪ̃t] ‘print’
m. /prɪsɛnt/ → [prɪsɛ̃nt] [prɪsɛ̃t] ‘present’

II. Data Presentation

  In this section, we focus on the examples consisting of the coronal nasal plus a 
homorganic obstruent stop. This is because the coronal /nt/ sequence shows variable 
realizations word-medially as shown in [hʌ̃ntər] and [hʌ̃nər] and it also shows 
asymmetrical realizations word-medially and word-finally as shown in [hʌ̃nər] and [h
ʌ̃t]. On the other hand, the sequences of consonants with peripheral place of 
articulation such as /mp/, /mb/, /ŋk/, and /ŋg/ do not show any variable realizations 
in the word-medial position: each element in the sequence is fully realized in the 
output. However, the sequences with a peripheral nasal plus a voiced obstruent stop 
such as /mb/ and /ŋg/ are simplified into [m] and [ŋ] word-finally as in /bamb/→
[bam] ‘bomb’ and /lɔgŋ/→[lɔŋ] ‘long’ due to phonotactics of English. Even though 
peripheral NC sequences show a slightly different realizations than the coronal NC 
sequence word-medially and word-finally, we first present the examples of coronal 
NC sequence that show interesting interactions in morphologically related words. In 
(2), nasalization of a vowel and the following off-glide is marked in the output 
forms.

  (2) Word-final coronal /nt/ sequence   
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n. /rɛnt/ → [rɛ̃nt] [rɛ̃t] ‘rent’
o. /sprɪnt/ → [sprɪ̃nt] [sprɪ̃t] ‘sprint’

a. /kawntər/ → [kãw̃ntər] [kãw̃nər] ‘counter’
b. /kamɛntər/ → [kãmɛ̃ntər] [kãmɛ̃nər] ‘commenter’
c. /græntər/ → [græ̃ntər] [græ̃nər] ‘grantor’

As presented in (2), when the coronal /nt/ sequence occurs tautosyllabically, the /n/ 
in the /nt/ is optionally deleted for some speakers of North American English. For 
the nasalization of a vowel as in (2), the coronal nasal triggers vowel nasalization 
regressively first and it subsequently undergoes deletion when followed by a 
voiceless consonant. The rationale for the nasal deletion comes from Malécot (1960), 
Raphael et al. (1975), Hooper (1977), and Lovins (1978) who argue that a nasal is 
subject to deletion before a voiceless stop because a nasal consonant before a 
voiceless consonant tends to be shorter than before a voiced consonant. Especially 
Lovins (1978) notes that the deletion of the /n/ does not have to occur in the same 
syllable; the coronal nasal can also be deleted even if the voiceless consonant occurs 
hetero-syllabically. While we adopt the argument of the previous researchers, we 
also add one more condition that affects the deletion of a nasal consonant. That is, 
a nasal consonant is deleted when it occurs between a nasalized vowel and a 
voiceless consonant. This implies that the deletion of a nasal is achieved by two 
factors together: the nasal-nasal co-occurrence restriction and the prohibition of 
shortened nasal between a nasalized vowel and a voiceless consonant. However, 
when the nasal is followed by a voiced consonant, it is not deleted as in /hænd/ →
[hæ̃nd] ‘hand’ which only contains one of the two factors for the deletion conditions 
assumed in this study. 
  On the contrary, the deletion of the /n/ in the /nt/ sequence is blocked when an 
agent suffix in most cases is added to the examples in (2) as shown by the 
examples in (3) in which the flapping of the [n] between vowels is not marked. 

  (3) The realization of the /nt/ over a syllable boundary 
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d. /hɪntər/ → [hɪ̃ntər] [hɪ̃nər] ‘hinter’
e. /hʌntər/ → [hʌ̃ntər] [hʌ̃nər] ‘hunter’
f. /ɪnvɛntər/ → [ɪ̃nvɛ̃ntər] [ɪ̃nvɛ̃nər] ‘inventer’
g. /ʤɔyntər/ → [ʤɔ̃ỹntər] [ʤɔ̃ỹnər] ‘jointer’
h. /mawntər/ → [mãw̃ntər] [mãw̃nər] ‘mounter’
i. /pentər/ → [pẽntər] [pẽnər] ‘painter’
j. /pɔyntər/ → [pɔ̃ỹntər] [pɔ̃ỹnər] ‘pointer’
k. /plæntər/ → [plæ̃ntər] [plæ̃nər] ‘planter’
l. /prɪntər/ → [prɪ̃ntər] [prɪ̃nər] ‘printer’
m. /prɪsɛntər/ → [prɪsɛ̃ntər] [prɪsɛ̃nər] ‘presenter’
n. /rɛntər/ → [rɛ̃ntər] [rɛ̃nər] ‘renter’
o. /sprɪntər/ → [sprɪ̃ntər] [sprɪ̃nər] ‘sprinter’

When the coronal /nt/ occurs word-medially, the /n/ and /t/ are separated by a 
syllable boundary which still can form a canonical deletion environment for the /n/ 
before a voiceless consonant (Lovins, 1978: 242). However, another process 
preempts the deletion of /n/ because the word-medial /nt/ sequence is reduced to [n] 
as pointed out by Ladefoged (2001: 58), which obliterates the proper environment 
for the deletion of /n/. The deletion of the /t/ subsequently leads to flapping of the 
/n/ intervocalically instead. Thus, related pairs in the examples in (2) and (3) show 
rather different output forms: opaque and transparent forms, respectively. An 
interesting point we can raise from the realizations in (3) is that the deletion of the 
/t/ in the /nt/ word-medial cluster occurs only in the coronal /nt/. The other 
examples of homorganic NC clusters such as /nd/, /mp/, /mb/, /ŋk/, and /ŋg/ do not 
show the deletion of the post-nasal consonant. Especially, the sequences consisting 
of a homorganic nasal plus a peripheral voiceless stop such as /mp/ and /ŋk/ show 
that the voiceless obstruents trigger the deletion of a nasal word-finally and 
word-medially. However, unlike the /t/ in the /nt/, voiceless stops /p/ and /k/ resist 
deletion after the peripheral nasal word-medially with which we will deal in section 
4 by extending the account of the coronal /nt/ realizations.  
  In the next section, we briefly touch on some previous studies which look at the 
nasal deletion and the deletion of the /t/ in the /nt/ separately.
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III. Previous Analyses

  This section reviews some accounts related to the current study. Since there has 
not been any analysis that delves into the interaction of the nasal deletion  and the 
post-nasal /t/ deletion in the /nt/, we have to find some phonological rationale for 
the each process. With respect to the examples where nasal deletion occurs after it 
nasalizes a preceding vowel before a voiceless consonant, there have been several 
studies such as Malécot (1960), Raphael et al. (1975), Hooper (1977), and Lovins 
(1978) who argue that the voicing factor of a post-nasal consonant is a crucial 
element determining the duration of the nasal. Because the duration of a nasal 
significantly shortens before a voiceless consonant, this could importantly contribute 
to the deletion of a nasal before a voiceless consonant. According to Fujimura and 
Lovins (1982), the main reason of excessive reduction of a nasal duration stems 
from the conflict between the muscle constriction needed for the sound production 
of a voiceless consonant and the muscle relaxation required for the lowering of 
velum. The conflict between these two is resolved in favor of the voiceless 
consonant resulting in the significant reduction in the duration of the nasal. We also 
argue that this reduction of duration in the nasal before a voiceless consonant is 
further overshadowed by the preceding nasalized vowel and this results in the 
deletion of a nasal consonant. The articulation grounded argument proposed by 
previous researchers with respect to the deletion of the nasal is insightful and it can 
explain the second realization of the examples given in (2). However, the argument 
cannot be extended to the word-medial coronal /nt/ cluster whose realization destroys 
the environment for the nasal deletion as shown by the examples in (3). Concerning 
vowel nasalization, a number of researchers (Giegerich, 1992; Kreidler, 1992; 
Davenport & Hannahs, 1998; Hajek, 1997; McMahon, 2002; Wolfram & Johnson, 
2003) explain this natural process by providing the general rule in (4). 

  (4) [+syllabic] → [+nasal] / ____ [+nasal]  C   
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After the natural nasalization of a vowel by (4), the deletion of the post-nasal 
coronal /t/ in English occurs but this process cannot be explained by the articulation 
based argument either. With respect to this issue, Chung (2009) provides the 
realizations of the homorganic NC clusters based on constraints and their ranking. 
Chung focuses only on the asymmetrical realization of the word-medial and 
word-final NC clusters and puts forth an account based on the constraint proposed 
by Pater (1996, 1999) which does not allow a sequence of a nasal plus a voiceless 
consonant as given in (5).      

  (5) *NC̥: No nasal plus voiceless obstruent sequences.

The constraint in (5) is based on articulatory mechanism of a sequence of sounds 
(Huffman, 1993). The nasal sound is produced with the lowering of the velum while 
the articulation of a post-nasal obstruent requires it be raised. However, raising of 
the velum in the process of producing an obstruent takes some time so before the 
velum is completely raised to the point where the production of an obstruent begins, 
the articulation of an obstruent is initiated which results in the flowing of a little 
amount of air out of the nose. This contributes to voicing of the following obstruent. 
Thus, the markedness constraint in (5) is naturally grounded in sound mechanism of 
the NC sequence. This general markedness constraint cannot explain the 
asymmetrical realizations of the NC clusters in English because various types of NC 
clusters occurring word-medial and word-final position in English show rather 
different realizations depending on the position and the voicing feature of the 
following obstruent. Thus, Chung (2009) approaches this problem with a separate 
analysis for two different positions where the NC sequences occur. However, two 
analyses are ultimately presented with a combined constraint ranking. For the 
analysis, Chung (2009) modifies the constraint in (5) in order to explain the 
realizations of the word-medial and word-final NC clusters. There are four 
constraints which are altered from *NC̥ given in (5). 
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  (6) a. *NC̥̥Cor]htσ: No coronal nasal plus voiceless obstruent sequences over a syllable 
boundary.     

      b. *NCPeri]htσ: No peripheral nasal/obstruent sequences in the hetero-syllable. 
      c. *NC̭Peri]ttσ: No peripheral nasal/voiced obstruent sequences in the same syllable.
      d. *NC̥̥]ttσ: No nasal/voiceless obstruent sequences in the same syllable.  

The constraint in (6a) does not allow the [n.t] cluster of English while the constraint 
in (6b) is ranked very low because the sequences with homorganic peripheral nasals 
plus obstruents freely occur word-medially as in computer, combination, thinking, 
and finger. *NC̭-Peri]ttσ requires that the sequence with a peripheral nasal plus a 
voiced obstruent not be allowed in the same syllable and this undominated constraint 
filters out sequences such as [mb] and [ŋg] occurring in the same syllable. *NC̥̥]ttσ 

is ranked lowest because the sequences such as [mp], [nt], and [ŋk] in the same 
syllable occur as they are in the output without any deletion. All the constraints in 
(6) are general in that each constraint is not biased toward a specific segment in 
fixing undesirable sequences of segments. Since the nature of the constraints in (6) 
are general, they must be complemented by the following constraints in (7). 

  (7) Additional constraints
     a. Max-IO: Every input has its correspondent in the output.
     b. Dep-IO: Every output has its correspondent in the input.
     c. Relative Linguistic Distance: A post-vocalic consonant occurring close to a nucleus in 

the input has its correspondent in the output. 
  

The first two constraints are the most general faithfulness constraints which prohibit 
the deletion of an input element or the insertion of a segment in the output. Dep-IO 
is ranked highest because insertion strategy to fix NC̥ cluster is not employed in 
English. Max-IO is ranked low since unwanted NC sequences are mended by 
deleting one of two consonants in the output. RLD requires that an immediate 
segment after a vowel in the input be preserved in the output. The constraints 
introduced so far are ranked as in (8).  
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  /bamb/ *NC̭Peri]ttσ Dep-IO RLD Max-IO
  a. bamb *!
  b. bam.bə *!
  c. bab *! *
☞d. bam *

  /ɵɪŋk/ *NC̭Peri]ttσ Dep-IO RLD Max-IO *NC̥̥]ttσ

☞a. ɵɪŋk *
  b. ɵɪŋ.kə *!
  c. ɵɪk *! *
  d. ɵɪŋ *!

  /sæmpəl/ Dep-IO RLD *NC̥̥Cor]htσ Max-IO *NC-Peri]htσ

☞a. sæmpəl *
  b. sæməl *!
  c. sæpəl *! *
  d. sæməpəl *!

  (8) *NC̭-Peri]ttσ, Dep-IO, RLD ≫ *NC̥̥Cor]htσ ≫ Max-IO ≫ *NC̥̥]ttσ, *NC̭Peri]htσ

The following tables illustrate how the relevant examples are accounted for by the 
ranking given in (8). In the following tables, we do not include irrelevant 
constraints. 

  (9) A. /bamb/ → [bam] ‘bomb’

   
     B. /ɵɪŋk/ → [ɵɪŋk] ‘think’

 
     C. /sæmpəl/ → [sæmpəl] ‘sample’

    
      D. /sɛntər/ → [sɛnər] ‘center’

  

   /sɛntər/ Dep-IO RLD *NC̥̥Cor]htσ Max-IO *NC-Peri]htσ

  a. sɛntər *!
☞b. sɛnər *
  c. sɛtər *! *
  d. sɛnətər *!
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  /sæmpəl/ Dep-IO RLD NC̥̥Cor]htσ Max-IO *NC-Peri]htσ

☜a. sæ̃mpəl *
  b. sæ̃məl *!
  c. sæ̃məpəl *!
☞d. sæ̃pəl *! *

As demonstrated in (9A), the highest-ranking *NC̭-Peri]ttσ edges out the candidate 
with the coda [mb] and the RLD constraint eliminates the candidate that deletes [m] 
which is positioned closer to the vowel than the [b]. This selection of the optimal 
form is achieved at the cost of violating the lower-ranking Max-IO. The table (9B) 
with the same constraint ranking shows the selection of the [ŋk] coda candidate, 
which only violates the lowest-ranking *NC̥̥]ttσ. What we can observe from (9C) is 
that an NC cluster with the peripheral place of articulation where the obstruent is 
voiceless is faithfully realized word-medially. However, when the place of 
articulation changes into coronal, the [t] in the [nt] is not realized in casual speech 
mode as illustrated in (9D). The realization of /nt/ word-medially and word-finally is 
different and the exactly opposite case can be observed in /mb/ and /ŋg/ 
word-medially and word-finally. The other NC clusters such as /nd/, /mp/ and /ŋk/ 
do not show any variant realizations word-medially and word-finally. 
  As we have briefly discussed, the analysis by Chung (2009) touches on the issue 
of asymmetrical realizations of various NC clusters in English. However, Chung 
does not discuss the issues on which the current study focuses. Thus, the analysis of 
Chung cannot explain what is being discussed in this study. If, however, we apply 
the constraint in Chung’s analysis to the data of the current study, the ranking still 
chooses the faithful realization of /mp/ as optimal rather than the candidate with the 
nasalized vowel without the nasalization trigger, the nasal consonant. We repeat the 
table (9C) in which we added a candidate with the nasalization of a vowel and its 
deletion.  

  (10) /sæmpəl/ → [sæ̃pəl] ‘sample’ 

The given ranking in (10) selects (a) as optimal which is not the actual optimal 
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form for some native speakers of North American English. The incorrect optimal 
form is indicated by ‘☜.’ The actual output form is (d) but it is edged out by (a) 
due to RLD and Max-IO. We expect the same evaluation results when the ranking 
is applied to the examples with the tauto-syllabic NC except for [mb] and [ŋg]. The 
current constraint ranking will select [m] and [ŋ] for the input /mb/ and /ŋg/ but the 
candidates with [m] and [ŋ] with preceding nasal vowels respectively will also be 
chosen as optimal unless new constraints are adopted. 
  A problem of the constraint-based theoretical framework where the simple 
mapping from input to output is a necessary tenet is that it cannot explain sequential 
phonological processes. For example, the nasalization of preceding vowel and the 
subsequent nasal deletion between a nasalized vowel and a voiceless consonant are 
ordered processes, which can pose a problem for the parallel theoretical framework. 
This ‘non-surface apparent’ (McCarthy, 1999) case occurring in English shows an 
additional aspect of NC realizations which has not been comprehensively discussed. 
Thus, we are going to propose an account by employing Harmonic Serialism 
(McCarthy, 2008, 2010) which still maintains a consistent constraint ranking and 
their interactions of the constraint-based framework but it allows a step-wise 
candidate evaluation like a serial derivation framework. 

IV. An Alternative Analysis

  The theoretical framework we adopt to explain the realizations of word-medial 
and word-final NC clusters with respect to nasalization and nasal deletion in English 
is Harmonic Serialism (McCarthy, 2008, 2010). This theory relies on the major 
components of the constraint-based theory such as Optimality and Correspondence 
Theory (OT: Prince & Smolensky, 1993/2004; CT: McCarthy & Prince, 1995, 1999) 
such that it employs OT’s constraints and their interaction but not rules and ordering 
of rule-based approaches. However, Harmonic Serialism (hereafter, HS) slightly 
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deviates from the OT or CT because it adopts a stepwise evaluation of output which 
is reminiscent of serial derivation from the rule-based theory. Interestingly, HS turns 
away from the rule-based approach in that HS employs the consistent constraint 
ranking in different steps while a different rule is used in a different derivational 
stage in the rule-based account. Thus, one can observe the evaluation of each step 
until it reaches the final one which is called ‘convergence’ in HS. There are some 
important elements of the HS which are crucial to understand the theory. First 
element is called ‘gradualness’ which restricts the deviation of each candidate from 
the input. Since there is only a limited modification from the input to a candidate, 
we have only a limited candidate set in one step and these restricted candidates are 
evaluated by the consistent ranking hierarchy. Thus, the mapping A → C is possible 
in OT and CT while it is impossible in HS where only A → B → C mapping is 
possible. The definition of gradualness is provided in (11).

  (11) Gradualness
      If is β a member of the set Gen(α), then no more than one unfaithful operation is 

required to transform α into β.

  The next important element of HS is dubbed ‘harmonic improvement.’ Harmonic 
improvement states that an output candidate selected as the best form in one pass 
fares better than the candidate which is faithful to the input because there is only 
one modification occurs from the input to output. Thus, the output [B] from the 
input /A/ fares better than the output [A] on the given constraints. This evaluation 
process goes on until the input and the output are identical and that specific output 
is selected as optimal which is called ‘convergence’ in HS. The optimal form at the 
final pass where the convergence occurs is selected as the most harmonic form on 
the given constraints. This indicates that no modification is required from the input 
which also implies that no harmonic improvement is expected. Except for such 
differences we briefly introduced between the HS and OT/CT, other aspects of 
theoretical components are not much different from each other. 
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  Based on the HS, we analyze the examples the current study is dealing with. 
Since we divided the examples into two different groups, we first account for the 
examples of NC clusters occurring in the same syllable as shown in (2). The 
constraints we use for the interaction of nasalization of a preceding vowel and the 
deletion of a nasal segment between a nasalized vowel and a voiceless consonant 
tauto-syllabically are given in (12). 

  (12) a. *VoralN: Before a tautosyllabic nasal, vowel must not be oral.  
       b. *ṽnt: A coronal nasal consonant flanked by a preceding segment with a  nasal 

feature and followed by a coronal voiceless obstruent stop is  prohibited.
       c. *Nas-Nas: Two consecutive segments with a nasal feature are not allowed.
       d. Max-IO: Every input segment has its correspondent in the output.
       e. Max-NC̭Cor: An NC sequence with a coronal nasal plus a voiced coronal  obstruent 

stop should be faithfully realized.

*VoralN (cf. Cohn, 1993) requires that a vowel before a nasal consonant not be oral 
which is undominated in English. This highest-ranking markedness constraint 
motivates the nasalization of a vowel before a nasal segment. *ṽnt reflects the 
deletion of a nasal when it is preceded by a vowel with a nasal feature and it is 
followed by a voiceless consonant (cf. Malécot 1960, Raphael et al., 1975, Hooper, 
1977, and Lovins, 1978). Between *VoralN and *ṽnt, the former takes precedence 
over the latter because *VoralN is always satisfied while *ṽnt is a tendency for North 
American English speakers. 
  *Nas-Nas is a co-occurrence constraint which does not allow two consecutive 
segments with a nasal feature. This is not a highly ranked constraint because a nasal 
causing nasalization of a preceding vowel does not undergo deletion when occurring 
before a voiced obstruent or the nasal itself is the word-final segment such as in 
hand and pan. Max-IO is the general constraint that does not allow any deletion of 
input segment in the output and this constraint is also ranked low in the analysis. 
The more specified constraint of the Max-IO is Max-NC̭Cor which protects the input 
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    hʌnt *VoralN *ṽnt *N-N Max-IO
  a. hʌnt *!
☞b. hʌ̃nt * *

    hʌ̃nt *VoralN *ṽnt *N-N Max-IO
  c. hʌ̃nt *! *
  d. hʌ̃n *! *
☞e. hʌ̃t *

    hʌ̃t *VoralN *ṽnt *N-N Max-IO
☞f. hʌ̃t

segments /nd/ in the output and this constraint dominates Max-IO by Pāņini’s 
Theorem (Prince & Smolensky, 2004: 97-98). Between *Nas-Nas and Max-IO, the 
markedness constraint, *Nas-Nas is ranked higher than Max-IO in the analysis. 
Based on the constraints and their interaction, we first provide an analysis of 
examples where relevant processes occurring in the same syllable. In the following 
tables, we do not include Max-NC̭Cor because it does not play a crucial role.

  (13) Step 1: /hʌnt/ → [hʌ̃t] ‘hunt’

 
       Step 2

       Step 3 

As illustrated in (13), the given constraint ranking selects candidate (b) as harmonic 
in Step 1 since candidate (b) edges out (a), which is faithful to the input leading it 
to a violation of the contextual markedness constraint *VoralN. This markedness 
constraint motivates the nasalization of the preceding vowel as implemented in (b). 
Thus, in Step 1 we can observe gradualness and harmonic improvement; candidate 
(b) shows only one modification from the input while this form in Step 1 improves 
harmonically compared to candidate (a), which is demonstrated by the removal of 
the violation mark with respect to *VoralN on candidate (b). This local optimal form 
now becomes the input in Step 2 where the vowel nasalization trigger is deleted 
between a nasalized vowel and a voiceless consonant. This is the result of 
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   /hænd/ *VoralN *ṽnt Max-NC̭Cor *N-N Max-IO
   a. hænd *!
☞ b. hæ̃nd *

   /hæ̃nd/ *VoralN *ṽnt Max-NC̭Cor *N-N Max-IO
☞ c. hæ̃nd *
   d. hæ̃d *! *
   e. hæ̃n *! * *

cooperation between the contextual marked *ṽnt and co-occurrence markedness 
*Nas-Nas. In Step 2, candidate (c) which is identical to the input loses out due to 
its violation of the markedness constraint, *ṽnt. Between candidates (d) and (e), 
candidate (e) wins over (d) because the optimal form avoids *ṽnt by deleting the 
reduced nasal between a nasalized vowel and a voiceless consonant. The deletion of 
nasal leads the candidate to the satisfaction of the lower ranked *Nas-Nas. On the 
other hand, candidate (d) circumvents the violation of *ṽnt by deleting the post-nasal 
obstruent which in turn results in the violation of *Nas-Nas. The newly selected 
local optimal form (e) becomes the input in Step 3 where the candidate which is 
identical to the input finally becomes the ultimate optimal form achieving 
convergence in HS. 
  If we consider the optimal form in Step 3 in (13), this form is opaque in that the 
vowel is nasalized but it does not contain the trigger of the vowel nasalization, 
which is a typical ‘non-surface apparent’ case of phonological opacity (McCarthy, 
1999). This thorny opacity problem for the parallel OT/CT can be explained by HS 
where a step-wise evaluation is implemented with the consistent constraint ranking. 
This same constraint ranking can also account for transparent realization of the 
examples where a coronal nasal is followed by a voiced stop obstruent such as in 
hand, send, and mend. In the following tables, the faithfulness constraint, Max-NC̭

Cor, is included which now plays a pivotal role in protecting the /nd/ sequence. 

   (14) Step 1: /hænd/ → [hæ̃nd] ‘hand’

       
       Step 2: 
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Unlike the opaque realization of the /nt/ sequence, the /nd/ final cluster is faithfully 
realized in the output, which is guaranteed by the specified Max-NC̭Cor. Since 
Max-NC̭Cor ranks high along with *ṽnt, the optimal form in Step 1, which violates 
lower ranking *Nas-Nas, has no room to improve its harmony any more. Thus, in 
Step 2 the convergence occurs where candidate (c) does not undergo any 
modification from the input. Candidates (d) and (e) try to apply some unmotivated 
changes to improve harmony but it turns out to be futile because of their violation 
of Max-NC̭Cor and gratuitous violation of Max-IO. Note that Max-NC̭Cor employed 
for the analysis of the /nd/ sequence does not affect the result of evaluation in (13) 
if it were included in the evaluation. The constraint ranking for the realization of 
tauto-syllable /nt/ sequence is given in (15).

  (15) *VoralN ≫ *ṽnt, Max-NC̭Cor ≫ *Nas-Nas ≫ Max-IO

  In what follows, we provide an account that can explain the realization of a 
word-medial /nt/ sequence. In word-medial position, deletion of the /t/ in the /nt/ 
sequence takes precedence over the deletion of the /n/ between a nasalized vowel 
and a voiceless consonant. In order to explain such realizations, some other 
constraints are introduced in addition to the constraints given in (12). 

  (16) a. *NC̥̥Cor]htσ: No coronal nasal/voiceless obstruent sequences in the heterosyllable.
b. Max-codF(σ́): Coda segmental features of the stressed syllable are faithfully 

realized in the output. 
c. Max-onsF(σ): Onset segmental features of the syllable are faithfully  realized in 

the output. 
d. *vTv: Coronal stops between vowels are not allowed.

       
We adopt *NC̥̥Cor]htσ from Chung (2009) which does not allow the [n.t] over a 
syllable boundary. If this undesirable heterosyllabic [n.t] is resolved by the deletion 
of the [t], the deletion of a nasal is blocked due to the obliteration of the deletion 
environment for the nasal consonant. Max-codF(σ́) is specified version of the general 
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   græntər
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

  a. græn.tər *! *
☞b. græ̃n.tər * * *

Max-IO constraint, which only monitors segmental correspondence. Max-codF(σ́) 
secures the coda elements occurring in the stressed syllable should have a segmental 
correspondent with an identical feature such as [±son] in the output. This concept is 
stemmed from positional faithfulness (Beckman, 1997, 2004) in which a segment 
appearing in a stressed syllable takes precedence over a segment occurring in an 
unstressed syllable. The less specified Max-onsF(σ) requires the faithful realization 
of onset segments with its [±son] feature specification whose syllable nucleus does 
not have to be stressed. These two specialized constraints replace Max-IO in the 
analysis and they are trivially satisfied in Step 1 since there is no syllable structure 
and prosodic feature in the input of Step 1. Between these two specialized 
constraints of Max-IO, the former is ranked higher than the latter such that the 
coronal nasal coda in a stressed syllable survives while the coronal obstruent stop in 
the syllable onset is deleted to avoid the violation of *NC̥̥Cor]htσ. The constraint in 
(16d) is intended for flapping in English, which does not allow coronal stops such 
as /t, d, n/ intervocalically. This is ranked low in the analysis so the coronal stops 
between vowels become flap in the output. Based on the newly introduced 
constraints and their interaction along with the constraint ranking in (15), we analyze 
the realizations of word-medial consonant sequences. In (17), a flapped-[n] is 
marked by [ň] and a stressed vowel is underlined and identical segments occurring 
over a syllable boundary such as [n.n] and [t.t] represent ambisyllabic consonants for 
syllable consideration in the study. 

  (17) Step 1: /græntər/ → [græ̃ň.ňər] ‘hand’ 
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   græ̃n.tər
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

  c. græ̃n.tər *! *! *
☞d. græ̃n.nər * * *
  e. græ̃t.tər *! *

   græ̃n.nər
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

  f. græ̃n.nər *! *
☞g. græ̃ň.ňər *

  /græ̃ň.ňər/
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

☞h. græ̃ň.ňər *

       Step 2 

       Step 3 

       Step 4

  
As shown in Step 1, candidate (b) is selected optimal since it is harmonically 
improved from (a) which is faithful to the input leading it to the violation of the 
undominated *VoralN. In Step 2, candidate (c) is suboptimal because it maintains the 
[n.t] cluster after the nasalization of the preceding vowel and this results in the 
violation of *NC̥̥Cor]htσ and gratuitous violation of *ṽnt. Candidate (e) is not optimal 
either since it deletes the [n] before the [t] which causes the violation of Max-codF
(σ́). Max-codF(σ́) is violated because the input coda and its output correspondent are 
not identical in terms of sonorant feature. Thus, in Step 2 candidate (d) becomes 
optimal. In Step 3, candidate (g) that undergoes flapping between vowels is more 
harmonic than (f) which violates *vTv. The convergence occurs in Step 4 where the 
input and the output are identical and the final optimal form is selected. 
  What is interesting in tables in (17) is that the occurrence of an opaque surface 
form such as [græ̃t.tər]→[græ̃ɾ.ɾər] is blocked by Max-codF(σ́) which secures the 
faithful realization of the [n] after it nasalizes the preceding vowel in order to evade 
the violation of the high-ranking *NC̥̥Cor]htσ. Because of the interaction by the 
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   pɔynt
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

  a. pɔynt *!
☞b. pɔ̃ỹnt * *

   pɔ̃ỹnt
*Voral

N
*NC̥̥Cor]

htσ
*ṽnt

Max-
codF(σ́)

*vTv
Max-

onsF(σ)
*N-
N

  c. pɔ̃ỹnt *! *
☞d. pɔ̃ỹt *
  e. pɔ̃ỹn * *!

   pɔ̃ỹt
*Voral

N
*NC̥̥Cor]ht

σ

*ṽnt
Max-

codF(σ́)
*vTv

Max-
onsF(σ)

*N-
N

☞f. pɔ̃ỹt

relevant constraints, the transparent surface form on behalf of an opaque output form 
emerges as the final optimal form in word-medial position. 
  The constraints we employed for the analysis of word-medial consonant sequences 
can also be applied to word-final NC sequences. If they are used, they will generally 
be satisfied trivially as demonstrated by the tables in (18). In the following tables, 
Max-NC̭Cor is not included. 

   (18) Step 1: /pɔynt/ → [pɔ̃ỹt] ‘point’

   
       Step 2 

   
       Step 3 

   
As can be observed in (18), the constraints used for the medial /nt/ sequence are 
trivially satisfied if they are applied to the word-final /nt/. So far we have explained 
the realizations of a coronal nasal plus a homorganic coronal obstruent stop 
sequence word-medially and word-finally. Based on the analysis, we can argue that 
there is only one constraint ranking which can account for both word-medial and 
word-final /nt/ cluster in English where both opaque and transparent surfaces forms 
emerge as optimal. The constraint ranking is provided in (19).
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  (19) *VoralN ≫ *NC̥̥Cor]htσ, *ṽnt, Max-NC̭Cor ≫ Max-coFd(σ́) ≫ *vTv ≫ Max-onsF(σ) ≫
*Nas-Nas 

  Until now the analysis has only focused on the coronal word-medial and 
word-final NC clusters which show opaque and transparent realizations respectively. 
This was possible because the deletion of a nasal, which undergoes weakening by 
becoming short in duration before a voiceless consonant, occurs between a nasalized 
vowel and a voiceless consonant in the word-final position. However, when 
morphologically related words are formed by the addition of an agent suffix to a 
base ending with the /nt/ sequence, the coronal /nt/ sequence is syllabified into two 
different syllables and the [n.t] sequence is controlled by *NC̥̥Cor]htσ. Because English 
adopts the deletion of the /t/ of the /nt/ sequence to avoid the [n.t], the right-side 
environment of the nasal deletion is obliterated. This results in the blocking of the 
[n] deletion between a nasalized vowel and a voiceless consonant and the output 
form shows a transparent realization. The proposed constraint ranking which is 
focused on the coronal /nt/ has a potential of explaining peripheral NC sequences 
word-medially and word-finally if we slightly modify relevant constraints and add 
two more constraints as given in (20).

  (20) a. *ṽNC̥: A nasal consonant flanked by a preceding segment with a nasal  feature and 
followed by a voiceless obstruent stop is prohibited.

       b. *NC̭Peri]ttσ : A peripheral nasal plus a voiced obstruent stop sequence in the same 
syllable is not allowed.

       c. *Voiced-Coda: Coda obstruents are voiceless.

*ṽNC̥ is slightly modified from *ṽnt so that post-vocalic NC̥ can subsume both 
coronal and peripheral place of articulation. We adopted two additional constraints 
from Chung (2009) and we slightly modified both of them. Constraint (20b) calls 
for the prohibition of [mb] and [ŋg] in the same syllable but the constraint is neutral 
in that it does not point out a specific segment to change or delete to avoid the 
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   kæmp
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

  a. kæmp *!
☞b. kæ̃mp * *

   kæ̃mp
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

  a. kæ̃mp *! *
  b. kæ̃m * *!
☞c. kæ̃p *

unwanted sequence of segments. This is achieved by *Voiced-Coda (Kager, 1999) 
which opts for a voiceless coda obstruent such that it suppresses the occurrence of 
the [b] and [g] of the [mb] and [ŋg], respectively. Thus, the preservation of a 
segment right after a nucleus is achieved by ranking *NC̭Peri]ttσ over *Voiced-Coda, 
which in turn should be ranked higher than *Nas-Nas in the analysis. In order to 
show that the new constraints and their ranking can explain variant cases of NC, we 
present two sets of tables: one set accounts for the peripheral NC̥ word-finally and 
the other set for peripheral NC̭ word-finally and word-medially.

  (21) Step 1: /kæmp/ → [kæ̃p] ‘camp’

  
       Step 2

 
       Step 3 

  

    kæ̃p
*Voral

N
*NC̭Peri]ttσ *ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

☞ kæ̃p

  
The given constraint ranking selects the most harmonic form which is the opaque 
surface form in (21). On the other hand, the same constraint ranking can also select 
the transparent surface forms as optimal as shown by the tables in (22) and (23).
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   /lɔŋg/
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

  a. lɔŋg *! * *
☞b. lɔ̃ŋg * * *

   /lɔ̃ŋg/
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

  c. lɔ̃ŋg *! * *
☞d. lɔ̃ŋ * *
  e. lɔ̃g * *!

   /lɔ̃ŋ/
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

☞f. lɔ̃ŋ *

   /lɔŋgər/
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

  a. lɔŋ.gər *!
☞b. lɔ̃ŋ.gər *

   /lɔ̃ŋ.gər/
*Voral

N
*NC̭Peri]

ttσ
*ṽNC ̥ Max-

codF(σ́)
Max-

onsF(σ)
*Vd-
Cod

*N-
N

☞a. lɔ̃ŋ.gər *
  b. lɔ̃ŋ.ər *! *
  c. lɔ̃g.gər *! *

  (22) Step 1: /lɔŋg/ → [lɔ̃ŋ] ‘long’ 

       Step 2 

  
       Step 3

 
  (23) Step 1: /lɔŋgər/ → [lɔ̃ŋ.gər] ‘longer’   

     
    Step 2

  
As in (22) and (23), the given constraint ranking chooses the transparent candidates 
[lɔ̃ŋ] and [lɔ̃ŋ.gər] as the most harmonic forms in which only regressive nasalization 
applied to the preceding vowel with or without the application of segmental deletion. 
Thus, we are able to account for various NC clusters occurring in different word 
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NCs w-medial realization NCs w-final realization
/vmpv/ [ṽpv]     opaque /vmp/ [ṽp] opaque
/vmbv/ [ṽmbv] transparent /vmb/ [ṽm] transparent
/vntv/ [ṽňv] transparent /vnt/ [ṽt] opaque
/vndv/ [ṽndv] transparent /vnd/ [ṽnd] transparent
/vŋkv/ [ṽkv] opaque /vŋk/ [ṽk] opaque
/vŋgv/ [ṽŋgv] transparent /vŋg/ [ṽŋ] transparent

positions in English with the addition two new constraints and one slightly modified 
one. We summarize how various NC sequences are implemented when they interact 
with nasalization of a vowel, nasal deletion, and the coronal stop /t/-deletion in (24).

  (24) The NCs interacting with other phonological processes 

   
The combined constraint ranking that can explain various NC realizations interacting 
with nasalization of a vowel, nasal deletion, and the coronal stop /t/-deletion is given 
in (25). 

  (25) *VoralN ≫ *NC̥̥Cor]htσ, *NC̭Peri]ttσ, *ṽNC̥, Max-NC̭Cor ≫ Max-codF(σ́) ≫ *vTv ≫
Max-onsF(σ) ≫ *Voiced-coda ≫ *Nas-Nas 

V. Conclusion  

  In this study, we provided a procedural analysis framed in HS which can account 
for various realizations of the homorganic NC clusters word-medially and 
word-finally. The asymmetric behavior of the coronal /nt/ cluster is interesting in 
that it shows both opaque and transparent realizations word-medially and 
word-finally while all the other types of the homorganic NC clusters show either 
opaque or transparent in both positions. This peculiar behavior of the /nt/ is the 
result of interactions among the following phenomena: nasalization of a vowel 
before a nasal consonant, deletion of a nasalization trigger between a nasalized 
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vowel and a voiceless consonant, and deletion of post-nasal coronal obstruent stop 
word-medially. All these complex-looking interaction of relevant constraints and their 
combined ranking can explain various realizations of the homorganic NC clusters in 
English as shown in the previous section. 
  There are several phonological implications that we can draw from the current 
study. Firstly, deletion of a nasal consonant, which generally does not undergo 
deletion except for phonotactic reasons, occurs only when it first becomes weakened 
by being short in its duration before a voiceless consonant (cf. Malécot, 1960; 
Raphael et al., 1975; Hooper, 1977; Lovins, 1978) and it is also preceded by a 
nasalized vowel. Secondly, the status difference that affects the segment in syllable 
onset and coda from the perspective of positional faithfulness can be reversed if a 
coda segment occurs in a stressed syllable. In this case, even a coda element of a 
stressed syllable takes precedence over an onset segment appearing in an unstressed 
syllable. This is reflected by the ranking Max-codF(σ́) over Max-onsF(σ). Thirdly, 
the opaque realizations of NC̥ show that the deletion of a nasal between a nasalized 
vowel and a voiceless consonant is more easily recoverable before a voiceless 
consonant than before a voiced consonant. This in turn may lead the deletion of a 
nasal before a voiceless consonant. Fourthly, the non-deletion of a nasal between a 
nasalized vowel and a voiced consonant is attributed to the articulatory naturalness 
of a nasal followed by a voiced consonant as argued in Huffman (1993).
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