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Abstract

This thesis examines the potential (phonetic) motivations for allophonic variation of
prenasalized stops in the Papuan language Iha by studying the distribution of prenasalized and
plain stops in the language as well as acoustic measurement of their durations. Walker &
Himmelmann (2022) report allophonic variation where a prenasalized voiced stop may surface
without prenasalization or without voicing or without both. In this study, | used data from a
corpus where | measured, for prenasalized and plain stops, the duration of prenasalization, oral
closure and burst/aspiration. In this dataset there were no examples reflecting the variation
described in earlier literature. Thus, it was not possible to answer questions regarding which
variant is the original form and which one is the allophone, but we did gain insights nonetheless.
The distribution of prenasalized and plain stops suggested that it is unlikely for the potential
allophonic variation to be accounted for by the (word-initial) position of the token. Word-initial
tokens were somewhat evenly distributed between plain and prenasalized stops in the data.
Word-internal tokens were more likely to be prenasalized than plain, suggesting that variation,
if any, would be more likely to occur in that position. Further, a statistical test comparing
average oral closure durations between prenasalized stops and plain ones showed that the
former are nearly half as long as the latter, which supports the treatment of prenasalized stops
as unary segments. Statistical analyses of the effects of multiple potential factors showed no
significant effect of any of the factors tested.



1. Introduction
This thesis investigated prenasalized stops in lha ([ihp], ISO 639-3). More specifically, it

looked for phonetic evidence and motivation for what seems to be free allophonic variation in
certain cases between prenasalized and plain stops. The corpus data used for this study did not
reflect this variation, as the speaker did not show any allophonic variation between his
prenasalized and plain stops. However, studying the distributional and durational differences
between the prenasalized and plain stops in the dataset helped gain insights to potential factors
that may account for allophonic variation, if it does occur.

This section provides some background information on the language Iha (Section 1.1) and
its phonemic inventory with a focus on allophonic variation in its prenasalized plosives
(Section 1.2). Section 1.3 presents some background information on prenasalization in
languages other than Iha that is relevant to the current study. Afterwards, section 2 describes
the methodology, section 3 presents the results and section 4 ends with the conclusion and

discussion of prospects for future research.

1.1 Language background
Iha is a Papuan language spoken on the Onin peninsula in the West Papua province of

Indonesia. Iha is reported to be spoken by approximately 5000 — 6000 speakers (Donohue
2015:405; Voorhoeve 1975:432). However, due to an on-going shift to the lingua franca
Papuan Malay and with Indonesian being the main language in schools, there seem to be few
fluent speakers among the younger generations under the age of 40 (Walker & Himmelmann,
2022:1).

Iha and closely related Mbaham (Cottet, 2015) form the Nuclear West Bomberai branch of
the West Bomberai language family. The two languages have fairly similar phonemic
inventories and phonological distributions.

1.2 Iha phonology
Iha has 18 phonemic consonants and six marginal consonants, where the latter are limited to

certain (morpho)phonological environments or loanwords. Table 1 shows all 24 Iha
consonants, where the marginal consonants are indicated in between brackets. The language

has seven vowels as shown in Table 2.



Table 1. Iha consonant inventory (Walker & Himmelmann, 2022:2)

Labial Coronal Dorsal Labial-dorsal = Glottal
Plosives Voiceless p t(tf) q qp
Voiced (b) d(dz) G
Prenasalized ™b nd g oy
Nasals m n n
Sonorants c(l) J w
Fricatives @ Voiceless () (s) h
Voiced B

Table 2. Iha vowel inventory (Walker & Himmelmann, 2022:3)

Front Central Back
Close fil u/
Close mid | /e/ lo/
Open mid  /e/ /ol
Open lal

As seen in Table 1, Iha has four prenasalized stops: bilabial /™b/, alveolar /"d/, dorsal
/9g/ and labio-dorsal /™gh/. Walker & Himmelmann (n.d.) state that it is difficult to determine
whether these nasal-stop sequences are unary segments or clusters of a nasal and a plain stop.
However, they do argue that, at least from a phonological point of view, a unary segment
analysis makes more sense than a nasal-stop cluster. They base their arguments mostly on the
phonotactics of the language. They state, for example, that codas are very rare in the first
syllable of disyllabic lexical bases, making it unlikely that the nasal-stop sequences that do
occur in that position are clusters of two segments. Another phonotactic argument that they
present is that lha consonant clusters rarely occur in medial positions. So, the fact that
prenasalized stops do occur in medial positions of lexical bases suggests that they are not
clusters. Furthermore, they argue that the lack of variety in the types of consonants that follow
nasals in medial positions of lexical bases is another indicator that these sequences are unary
segments; homorganic stops are the only consonants that may be preceded by a nasal in that
position. That being said, the authors do acknowledge that these arguments do not constitute
hard evidence in favor of a unary analysis, but do motivate their decision for such.

According to Walker & Himmelmann (2022:3), prenasalized stops allow for a broad
range of phonetic realizations. They illustrate this using the example of mbedén ‘season” which
is attested with four different initial consonants, including (non-)prenasalized voiced and
voiceless plosives: [mbe'den] ~ [mpe’'den] ~ [be'den] ~ [pe'den]. Interestingly, there are items,

presumed to be phonological plain stops, that do not seem to allow for such variation. For



example, the word-initial consonant in pehér ‘sea.water’ seems to always surface as a plain
voiceless stop, not showing much allophonic variation.

The goal of this study is to investigate whether there is phonetic evidence to support
the claim that, for items with near-free allophonic variation, the prenasalized variant is the
default and the non-prenasalized one is the deviation. Additionally, the study aims to identify
possible motivations for these variations, as a step towards the ultimate goal of improving our

understanding of allophonic variation in the prenasalized stops of Iha.

1.3 Prenasalization in other languages
This section provides brief descriptions of prenasalized consonants in languages other than Iha.

Although uncommon cross-linguistically, prenasalization is common as a regional feature in
Melanesia (Maddieson, 2013). Section 1.3.1 introduces prenasalization in a closely related
language to lha, while section 1.3.2 describes prenasalization in another Papuan language,

genetically unrelated to Iha.

1.3.1 Prenasalization in Mbaham
As mentioned earlier, Mbaham is the closest related language to Iha, the two languages are said

to share acommon historical origin (Usher & Schapper, 2021) which is reflected in their similar
phonemic inventories. Analogous to Iha, Mbaham has four prenasalized consonants differing
in place of articulation; bilabial /™b/, alveolar /"d/, dorsal /°g/ and labio-dorsal /°g"/. Note that
the prenasalized labio-dorsal stop in Iha is conventionally transcribed as /™gh/, but both
correspond to the same phoneme in the historical ancestor of the two languages (Robinson &
Holton, 2012).

In Mbaham, prenasalized stops, as well as voiceless stops are more frequent in word-
initial position than voiced stops (Cottet, 2015). Further, Mbaham prenasalized consonants,
similar to voiceless consonants, are affected by assibilation processes, such that an underlying
/"d/ may surface as [nd3] in certain environments. Acoustic measurement of frication duration
and nasal closure duration in these processes shows that voiceless stops have longer frication
duration than prenasalized voiced stops, although the frication itself is voiceless in both types
of consonants (Cottet, 2015).

Cottet (2015) does not report any allophonic variation in Mbaham prenasalized stops
that is analogous to what Walker & Himmelmann (2022) observe in Iha. However, she does
point out that, in word-initial positions, the contrast between plain voiced stops and
prenasalized voiced stops in Mbaham carries ‘a very low functional load’ (Cotter, 2015:268).

This is because plain voiced stops are very rare in that position in comparison to prenasalized



stops, suggesting that if a Mbaham speaker mistakenly leaves out the nasalization from a word-
initial prenasalized stop, listeners are unlikely to be confused as to what target the speaker is
trying to produce. Thus, although variation is not reported in Mbaham prenasalized stops, such
distribution differences may account for the variation in Iha.

1.3.2 Prenasalization in Qaqet
Qaget ([byx], ISO 639-3) is a Papuan language, genetically unrelated to Iha, spoken in New

Britain, Papua New Guinea. In Qaget, prenasalization is described as strictly phonetic variation
of plain voiced stops i.e. prenasalized stops never contrast plain stops (Tabain & Hellwig,
2022:5). Measurement of the durations of nasalization and closure of prenasalized and plain
stops shows that the prenasalized allophones of Qaget stops have longer overall durations than
their plain counterparts (Tabain & Hellwig, 2022:6). It is noteworthy that, between the plain
stops of this language, voiceless stops, which descend from historical geminates, have
generally longer durations than voiced stops. Thus, it is argued that voiced stops undergo
phonetic prenasalization to match the duration of voiceless stops (Tabain & Hellwig, 2022:6).
2. Methodology

This section describes how the research questions were addressed. First, | describe the data
source and the relevant software used to access and annotate the data and prepare them for
analysis (Section 2.1). Then | describe and motivate the statistical methods and tests used to
answer the questions (Section 2.2).

2.1 Data, annotation and measurements

The data for this study come from a partially published corpus of Iha spoken data (Narfafan &
Tuturop, 2009). The recordings used for this analysis contain semi-structured elicitations of
one adult male speaker. The data were transcribed and translated into Indonesian by a native
Iha speaker using ELAN software (Elan, 2022). A dictionary including English translations as
well as updated and more accurate spellings of lexical items was made available by the authors
of Walker & Himmelmann (2022).

The workflow of identifying the targeted phonemes starts by going through all the
utterances in an ELAN file while looking for lexical items with a nasal-stop (NC) sequence.
These lexical items are identifiable in the orthographic spelling when an <m> is followed by a
<b> or <p> for the bilabial NC sequence, the alveolar phonemes are identified when an <n> is
followed by a <d> or <t>, the dorsal nasal-stop has an <ng> followed by <g> or <k>, while the

labial-dorsal sequence is signified by a <nm> followed by <qp>, <kp> or <gb>. Once a lexical



item containing a NC sequence was identified it was annotated following a number of
conventions.

The data labelling and annotation was done using the speech analysis software Praat
(Boersma & Weenink, 2022). The annotation of each phoneme occurred in three tiers (Figure
1). The first tier has its first boundary at the beginning of the lexical item containing the NC
sequence and its closing boundary at the endpoint of the lexical item. The second tier of one
lexical item has boundaries denoting the beginning and endpoint of the target segment. The
third tier for one token contains three intervals, one denoting the prenasalization phase, if there
is one, followed by an interval marking the closure duration of the stop and ends with an
interval measuring the burst/aspiration duration. A fourth tier is sometimes utilized to highlight
any discrepancy between the typical transcription of a lexical entry and how it was phonetically
realized, e.g. if a typically voiced consonant was pronounced as voiceless.

The criteria for determining each boundary used for this study follow those used by
Downing & Hamann (2021:11). The start and end of a nasal are determined by the abrupt
changes in the amplitude and shape of the waveform and the change in formants. Oral closures
start after the end of the nasalization and end at the start of the release phase. The release phase,
also referred to as burst/aspiration, is often identified by a distortion in the waveform and ends

with the start of the following segment.

Figure 1. llustration of annotation of prenasalized stop
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Essentially, three acoustic events were annotated and measured for each nasal-stop

sequence: nasal closure (n), voiced or voiceless oral closure (b/p) where (b) stands for voiced



and (p) stands for voiceless oral closure, and burst plus possible aspiration (a). Figure 1
illustrates the annotation of the three acoustic events in a nasal-stop sequence.

The same procedure and conventions were followed for the plain (i.e. non-prenasalized)
stops. The only difference between the two, because the plain stops do not have phonetic
prenasalization, is that the interval corresponding to the nasal in the third tier is simply
removed, as in Figure 2.

Figure 2. lllustration of annotation of a plain stop
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Certain problematic tokens had to be excluded from the analysis because their
boundaries were difficult to discern. For example, as illustrated by Figure 3, some word-initial
NC sequences were preceded by a word that ends with a nasal segment, making it near
impossible to locate where the preceding word ends and where the NC sequence begins. The
third tier in Figure 3 labeled <n> delimits a period of nasalization that includes the nasal from
the previous word and the nasal from the word-initial NC sequence. The spectrogram and
waveform are consistent throughout that interval, which complicated discerning the start point
of the NC sequence. Additionally, word-final stops were also excluded because they tend to
be unreleased, making it very difficult to discern the boundaries for the closure and burst. Other
non-word-final stops were also excluded for similar reasons involving ambiguity of
boundaries.



Figure 3. Hlustration of excluded token due to discernability of targeted nas
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Once all the tokens were annotated, a Praat script was run to extract all the measured
values and their relevant metadata (See Appendix 1 for full script). When selecting a TextGrid
file in Praat before running the script, the script outputs a table, for that TextGrid, listing all the
info for each annotated segment in the TextGrid. This information includes the name of each
item or segment and the word in which the segment was located. Further, the script outputs the
start time of the segment in the audio recording, such that it can easily be traced back in the
original file. In addition, the script notates whether the segment has a nasal or not, and if it
does, the duration of nasalization is listed in milliseconds. Information about the voicing of
segments is also listed where the script output would show <b> if the segment is voiced and
<p> if voiceless. The durations of the closure and burst of the plosive are both notated in
milliseconds, each in its own column. If a segment does not have a measurable closure period,
that column would read <a> which denotes aspiration, as it was not preceded by a closure.
Finally, whenever there was a discrepancy between the original transcription and the phonetic
realization of the segment, e.g. a voiceless /t/ surfacing as [d], the last column provides the
alternative transcription.

Additional columns were added manually at a later point, such as the height of the
following vowel and the place of articulation. This information is available in the ‘word’

column but did not have their own rows, before there were manually added, such that they can



be used as variables. Finally, more manual modification involved translating the coded
information, such that <b> and <p> were translated into ‘voiced’ and ‘voiceless’ respectively.
Because prenasalized consonants were always voiced in the dataset, they were marked as such.
Table 3 below shows a few rows of the script’s output with the manually added and modified

columns.

Table 3. A few rows from the script output after manual modification

file item place word vowel start nasal nasal_dur_ms voice clos_dur_ms asp_dur_ms comment

toneContrastLong  d alveolar gpaws- Non- 139.153 plain 0 Voiced 58.823 5.531
da High
toneContrastLong k velar #kra Non- 44.775 plain 0 Voiceless 23.951 17.068
High
re_1_verb_1 mb bilabial #mbih High 501.426 prenasalized 69.852 Prenasalized 27.182 7.640
(voiced)
re_1 verb_1 nt alveolar nantéren Non- 1074.573 prenasalized 44.995 Prenasalized 28.244 17.951 nandéren
High (voiced)
3. Results

In this section | present the results of the study. The section starts with an overview of the
distribution of the plain and prenasalized stops that were analysed. | also describe some
observations about the presence and lack thereof of prenasalized stops in certain contexts.
Finally, | report the statistical tests that | performed, including testing the effect of different
potential factors that may affect the durations that | measured.

The total number of annotated tokens from the dataset was 255 out of which 147 were
nasal-stop sequences and 108 were plain stops. Table 4 below illustrates the division of the
tokens based on the place of articulation, while Table 5 shows the division based on the position
of the token in relation to the word in which it occurred. As can be seen in Table 4, Labio-
dorsal nasal-stop sequences were very rare in comparison with their plain counterparts or nasal-
stops in other places of articulation. Therefore, for the rest of the analysis, labio-dorsal tokens
were grouped with dorsals because the beginning of their closure is dorsal. This choice was
probably more justified for measurements of nasal and oral closure durations, but less so for

burst/aspiration durations (see discussion in section 4).

Table 4. Overview of number of tokens based on place of articulation

Labial Alveolar Dorsal Labio-dorsal Total
NC 93 37 14 3 147
C 15 20 45 28 108
Total 108 57 59 31 255

One interesting finding is that this dataset did not show a lot of allophonic variation within

and between nasal-stop sequences and plain stops. In terms of voicing, only 12 tokens out of
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all 255 had a mismatch between the typical transcription and the actual phonetic realization,
e.g. aword typically transcribed with a /p/ surfaced as [b]. All 12 of these tokens were of items
that are normally transcribed as voiceless and seem to have undergone voice assimilation when
surrounded by two vowels or a vowel and another voiced segment. Of the 12 tokens, nine were
word-internal (four at morpheme boundaries and five within lexical bases), the remaining three
were word-initial. It is interesting to note that all of the word-internal tokens that underwent
voice assimilation did so consistently through all repetitions, whereas the word-initial voice
assimilations were exceptional, as all other repetitions of these tokens remained voiceless. As
for nasalization, there were no cases where a typically prenasalized stop did not have any
phonetic nasalization at all, nor did any plain stop contain prenasalization. A table of the full
dataset is available in Appendix 2.

The dataset had a total of 129 word-initial tokens and 126 that occurred word-internally.
Note that in Table 5 the number between parentheses indicates the numbers of word-internal

tokens that start after a morpheme boundary.

Table 5. Overview of number of tokens based on their position
Word-initial Word-internal  Total

NC 55 92 (23) 147
C 74 34 (9) 108
Total 129 126 (32) 255

The examples that Walker & Himmelmann (2022:3) provide for the allophonic variation
they observed in prenasalized stops involve variation that occurs word-initially. Based on the
dataset used for this study, which did not contain any examples of the variation that Walker &
Himmelmann (2022) described, it is very unlikely that the variation they report is based on lack
of contrastive function. Out of all 129 word-initial stops in the analysed dataset, 57% were
plain (n=74) and 43% were prenasalized (n=55). This is unlike the neighbouring language
Mbahdm (see Section 1.3.1) where plain consonants were rare word-initially, such that
variation in phonetic realization is unlikely to cause confusion. Although, this was the case for
word-internal stops in the dataset where plain stops accounted for only 27% (n=34) out of all
word-internal tokens, while prenasalized stops accounted for 74% (n=92).

The statistical analyses were carried out using linear mixed-effects models by using the
ImerTest package (Kuznetsova et al., 2017) in the statistical computing software R (R Core
Team, 2022). Before running the main analysis comparing closure durations between
prenasalized and plain stops, | ran a few tests to determine whether certain factors needed to

be taken into account.
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First, | evaluated the effect of voicing on the closure duration of plain plosives only. If the
effect is not significant there is no need to include a voicing contrast as a variable when
comparing plain plosive with prenasalized ones. The plain voiceless plosives had an average
closure duration shorter than plain voiced plosives by 11.524 milliseconds (95% confidence
interval between -2.504 and 25.391 milliseconds). However, this difference was not significant
(t[105]=1.633, p = 0.105). Therefore, it cannot be concluded that closure durations are affected
by voicing.

Visually, the graph Figure 4 may suggest that there is a tendency for plain voiceless
plosives to have a shorter closure duration than their voiced counterparts. However, it is
important to note that this analysis was based on a somewhat imbalanced sample. The dataset
had much fewer plain voiced plosives (n=19) than plain voiceless ones (n=89). This is unlikely
to be a limitation of the dataset, but rather a reflection of the relative infrequency of plain voiced
plosives in the language in general. The consonant inventory of Iha (see Table 1) has two

phonemic plain voiced plosives and twice as many plain voiceless plosives.

Figure 4. Closure duration of plain plosives divided by voicing
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As for burst/aspiration durations, | considered the effect of vowel height of the
following vowel, as high vowels tend to correlate with longer burst/aspiration durations than
lower vowels (Yavas, 2009). Since | excluded word-final plosives, all the plosives in the dataset
were followed by a vowel. This includes both plain (n=108) and prenasalized plosives (n=147).

The vowels that followed these plosives were divided by height into two categories: high (/i/
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and /u/) and non-high (/e/, lol, I/, Is/, lal). There was no need to divide the non-high vowels of
different heights into more categories because the effect is expected for high vowels only
(Yavas, 2009:247). Because the comparison involves a category of two vowels and a category
of five, it is unsurprising that the sample is not balanced. In the dataset, there was a total of 27
plosives followed by high vowels and 228 plosives followed by non-high ones. Based on this
sample, there was a very minimal difference between the burst durations of the two categories,
where plosives that were followed by a high vowel had an average burst duration of 0.867
milliseconds longer than the ones that were followed by non-high vowels (95% confidence
interval from -3.173 to 4.913 milliseconds). This difference was also not significant (t[97]=
0.419, p=0.676), meaning that we cannot conclude that vowel height has an influence on the
burst/aspiration duration of the preceding stop. The similarity in burst/aspiration between the
two categories is illustrated by the graph in Figure 5. It might be noteworthy that the 27 plosives
that were followed by high vowels were all prenasalized ones, meaning that the dataset did not
have any plain stops that were followed by high vowels. It is difficult to say whether a more

representative sample would be predicted to yield different results.

Figure 5. Burst/aspiration duration of plosives divided by height of the following vowel
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When it comes to the duration of nasalization in the prenasalized stops, | tested the
effect of place of articulation. To this end, | divided the prenasalized stops (n=147) into three
categories: bilabial (n=93), alveolar (n=37) and velar (n=17). Labio-velar stops were treated as
velar ones for this analysis and were included in that category. Based on this sample, the

average nasalization durations increased gradually depending on place of articulation, with
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alveolar being the shortest, velar the longest and bilabial in between as shown in Figure 6.
However, the difference was not statistically significant (t[30]=0.447, p=0.658), which means
that it cannot be concluded that place of articulation affects nasalization duration of
prenasalized stops.

Figure 6. Comparison of nasalization duration of prenasalized stops by place of articulation
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Further, | tested the effect of place of articulation on the closure duration of plosives. |
divided all of the plosives in the dataset (n=255) based on their place of articulation into bilabial
(n=108), alveolar (n=57) and velar (n=90). Similar to what was done in the test of place of
articulation effect on nasalization duration, labio-velars were grouped with velars here as well.
This analysis showed that the difference between the average closure duration of the longest
category, velars, was minimally longer than the shortest category, alveolars, by 8.957
milliseconds (95% confidence interval from -12.157 to 30.270) and this difference was not
significant (t[71]= 0.829, p=0.41). Thus, it cannot be concluded that place of articulation has

an effect on the closure duration of plosives in Iha.
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Figure 7. Closure duration of stops divided by place of articulation
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Having tested for the effect of voicing on closure durations of plain plosives (Figure 4),
vowel height on the burst/aspiration duration of the preceding plosive (Figure 5), place of
articulation on the duration of nasalization in prenasalized plosives (Figure 6) and on closure
duration of prenasalized and plain plosives (Figure 7) I have found no significant effect of any
of those factors on their respective durations. Although not finding significant effects is no
proof of absence of the effect, it is reasonable to believe that those factors will not influence
the comparisons between the plain and prenasalized plosives in the dataset.

| compared the plain plosives (n=108) with the prenasalized ones (n=147) in terms of
closure durations. The test showed that plain plosives had an average closure duration 21.459
milliseconds longer than prenasalized plosives (95% confidence interval between 13.523 and
29.516 milliseconds). This effect was significantly different from zero (t[157]=6.029,
p=1.13x1078). Figure 8 illustrates how, although some plain tokens have closer durations in
the same range as prenasalized ones, the plain plosives have a much wider range of durations
than prenasalized ones, which accounts for the average duration of plain plosives being

significantly longer than that of prenasalized ones.
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Figure 8. Comparison of closure duration between plain and prenasalized plosives
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As for the duration of burst/aspiration for the same two categories, | ran the same test and
found that plain plosives have an average burst/aspiration duration shorter than prenasalized
plosives by 1.039 milliseconds (95% confidence interval from -3.395 to 1.338 milliseconds).
However, this effect was not statistically significant (t[99]=0.869, p=0.387). The boxplot in
Figure 9 reflects the small size of the effect as the two boxes have similar sizes that cover

similar ranges.

Figure 9. Comparison of burst/aspiration duration between plain and prenasalized plosives
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Durational differences between word-initial tokens and word-internal ones were not
possible to test statistically or visualize in this study due to practical and temporal limitations.
However, superficial inspection of the data from these tokens suggests that the token’s position
in the word does not affect its nasalization, closure or release durations. This is because each
word-position category showed a range of durations consistent with the statistically tested
ranges of their respective type of stop. The same seemed to apply even for the word-internal
tokens that started after a morpheme boundary. However, this still needs to be verified with
statistical tests.

4. Conclusion and discussion

This section provides conclusive remarks based on the findings of this study. It also discusses
the possible shortcomings and limitations of this research and makes suggestions for future
research prospects concerning nasal-stop sequences in Iha.

The goal of this paper was to provide insights into the phonetic nature of the allophonic
variation in prenasalized stops in lha (Walker & Himmelmann, 2022:3). The acoustic
measurements in this study could not confirm nor deny the observations of Walker &
Himmelmann (2022) about the allophonic variation in prenasalized consonants in Iha. The
dataset used for this study showed absolutely no allophonic variation in terms of
prenasalization and very little in terms of voicing. Therefore, obviously, it was not possible to
answer the question of what form is the origin and what form is the deviation in cases of
allophonic variation. One thing that can be said about the earlier observations based on the
findings of this study is that the observed allophonic variation is unlikely to be consistently
induced by the factors accounted for in the study, such as place of articulation, position in the
word and voicing. This suggests that the variation is probably not purely phonetic, but rather
socio-phonetic. A larger, varied sample of speakers is needed to test this prediction.

Additionally, the durational measurements add valuable insights into the discussion of
whether the nasal-stop sequences in lha are unary segments or a cluster. It was found that, at
least for the one speaker in this dataset, prenasalized stops had an average closure duration of
a little more than half of the average closure duration of plain stops. This supports Walker &
Himmelmann’s (2022) treatment of these sequences as unary segments, following Cohn &
Riehl’s (2012) expectations for unary nasal-stop sequences to have a duration close to that of
a plain stop. Interestingly, the nasal durations in these nasal-stop sequences were ranging at
higher durations than stop part. This asymmetry between the durations of nasal closure

(prenasalization) and oral closure is not surprising for unary nasal-stop sequences (Cohn &
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Riehl, 2012:1). However, according to Cohn & Riehl (2012) the fact that the nasal is longer
than the oral closure, instead of the other way around, is unexpected for prenasalized stops.
They would likely argue that this suggests the unary nasal-stop segments in Iha may better be
described as ‘postploded nasals’ (NP) rather than ‘prenasalized stops’ (ND). The distinction
between the two terms is not within the scope of this study, but it does have the potential of
improving our understanding of the phenomenon. If a future study wants to investigate the ratio
between the nasal and the oral parts of a nasal-stop sequence, it is advisable to take the duration
of the preceding vowel into account, as it is shown to affect the duration of nasalization (Riehl,
2008: 108-116).

It is mentioned throughout the paper that the main limitation is that the data are based on
only one speaker in one type of setting, which means that the study could not reveal or test
potential inter- or intraspeaker factors, such as age and sex, which may be playing a role in
allophonic variation. Future studies of prenasalization in Iha would benefit from having a larger
sample, preferably representing speakers from different sex and age groups.

Obviously, this was not the only shortcoming of the study. A remarkable limitation is not
being able to test the effect of the position of the stop within the word and with respect to
morpheme boundaries, contrary to the original plan. During annotation, the stop’s position was
indicated based on whether it occurs word-initially or not, where words that had word-initial
tokens had a hashtag sign (#) at the beginning. Words that had morpheme-initial tokens were
also indicated by a hyphen (-) marking the morpheme boundary. However, those were not
coded in a way that can automatically be extracted by a script and had to be extracted manually.
Unfortunately, this was not possible due to time constraints. Valuable insights are expected to
be gained if a future study tests the effect of word and/or morpheme boundaries on the durations
of stops in Iha.

Moreover, while there was an argument to group labio-velars with velars when measuring
the effect of place of articulation on the duration of the nasalized segments, the same does not
necessarily hold for the measurement of the effect on the duration of closure and/or
burst/aspiration. This is because the release of labio-velars is more labial than velar. Future
research is thus advised to treat labio-velars as their own category and contrast them with other
places of articulation. If the occurrence of labio-velars in a dataset is not frequent enough to
create a balanced sample, as was the case in this study, it is better to exclude them from the
analysis completely than group them with another category.

This study was one of the first efforts towards understanding the phonetics of prenasalized

stops in Iha using acoustic measurements. In spite of the limitations discussed earlier in this
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section, this investigation contributed towards improving our understanding of the

phenomenon and forms a good basis for future advancements.
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Appendix 1: Praat script

# Praat script Iha_NC.praat
# Silke Hamann, 7 June 2022
# textgrid has to be selected

form

word Filename
endform
textgrid = selected ("TextGrid")

appendInfoLine: "file", tab$, “item", tab$, "word", tab$, "start", tab$, "nasal”, tab$, "nasal_dur_ms", tab$,
"plosive", tab$, "clos_dur_ms", tab$, "asp_dur_ms", tab$, "comment"
select textgrid
n = Get number of intervals: 2
foriton
components$ = Get label of interval: 2, i
if components$ <> "
t1 = Get starting point: 2, i
intervall = Get interval at time: 1, t1
word$ = Get label of interval: 1, intervall
interval4 = Get interval at time: 4, t1
comment$ = Get label of interval: 4, interval4
interval3 = Get interval at time: 3, t1
nasal$ = Get label of interval: 3, interval3
if nasal$ = "n" or nasal$ = "m"


https://muse.jhu.edu/issue/46668

durnas, tab$, ploslabel$, tab$, durplos, tab$, durasp, tab$, comment$

endfor

endif

select textgrid

else

endif
else

durnas =0
endif

nasallabel$ = "yes"

t2 = Get end time of interval: 3, interval3
durnas = (t2-t1)*1000

ploslabel$ = Get label of interval: 3, interval3+1

t3 = Get end time of interval: 3, interval3+1

if ploslabel$ = "b" or ploslabel$ = "p"

durplos = (t3-t2)*1000
t4 = Get end time of interval: 3, interval3+2
durasp = (t4-t3)*1000

durplos=0

durasp = (t3-t2)*1000

nasallabel$ = "no"

ploslabel$ = Get label of interval: 3, interval3

t2 = Get end time of interval: 3, interval3
durplos = (t2-t1)*1000

t3 = Get end time of interval: 3, interval3+1
durasp = (t3-t2)*1000

20

appendinfoLine: filename$, tab$, components$, tab$, word$, tab$, t1, tab$, nasallabel$, tab$,

Appendix 2: Complete dataset table

file ite plac  word vow  start nasal nasal_dur_  Voice clos_dur_ asp_dur_m  com
m e el ms ms s ment
toneCont | d alve  gpaws- Non-  139.15346 plain 0 Voiced 58.822752  5.5309142
rastLong olar da High 971525096 6977505 67296794
toneCont | d alve  gpaws- Non-  142.75361  plain 0 Voiced 50.335785  4.3956089
rastLong olar da High 966666438 46326112 48982499
toneCont | d alve  gpaws- Non-  146.67430 plain 0 Voiced 59.211008  5.6209215
rastLong olar da High 020943564 51307415 64400305
toneCont | d alve  gpaws- Non-  150.60149 plain 0 Voiced 50.547103  4.7279584
rastLong olar da High 694444442 17463673 51582026
toneCont | d alve  tro-da Non-  76.083437 plain 0 Voiced 31.423250 6.5420199
rastLong olar High 83174098 191792818 19066888
toneCont | d alve  tro-da Non-  78.337421 plain 0 Voiced 41.027030  7.7361959
rastLong olar High 83265583 02932628 08591981
toneCont | d alve tro-da Non- 81.961954 plain 0 Voiced 49.238650 7.6416533
rastLong olar High 75260416 17362061 11964092
re_1 ver | g vela  #geh-o- Non-  353.95366  plain 0 Voiced 54.538743  1.3027448
b 1 r mbon High 402116406 81294099 292746158
re_1 ver | g vela #geh-o- Non-  358.93048 plain 0 Voiced 36.287451 7.8075326
b 1 r mbon High 75283447 150656125 37229997
re 1 ver | g vela  #geh-o- Non-  369.84807 plain 0 Voiced 31.731147 6.8738948
b 1 r mbon High 029478463 1596895 57051255
re_1 ver | g vela #geh-o- Non-  422.93157 plain 0 Voiced 51.043980  6.0515891
b 1 r mbon High 164453083 335521155 45727121
re_1 ver | g vela #geh-o- Non-  441.05192 plain 0 Voiced 59.991107 6.9365079
b 1 r mbon High 877150864 554139944 36529779
toneCont | g vela kra-ge Non-  77.798330 plain 0 Voiced 38.938366 8.6558033
rastLong r High 96590909 718028306 76839799
re_1_ver | k vela  #kendé Non-  606.14510 plain 0 Voiceless 53.481422  4.2277562
b 1 r p High 93474427 198501605 654362555
re_1 ver | k vela #kendé Non-  609.49323 plain 0 Voiceless 37.681961 4.0231850
b 1 r p High 50718066 673570186 31542198
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43.019452
64481333

55.134113
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43.249611
66227581

24.792279
223788682

32.176264
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23.432146
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232362178

45.140723
83341272

33.656653
519472
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56280189

35.126111
98323157
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287490135
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1.5505952
380863164
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11.636141
636188313
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5.9138463
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28903
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26.108896
940428394

21.166821
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