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1. Introduction

The importance of man-machine interface has increased over the years and the areais promising a
great potential for widespread use in the coming years. Speech is one of the crucial elements of
man-machine interfaces. The three major areas based on evolving speech technology are Speaker
recognition systems, Speech recognition systems and Speech Synthesis Systems (V oice Response
systems or (Text To Speech (TTS) Systems). (Ssayli, E; 2002)

The most important parameter in the quality of the speech systems is intelligibility. The quality
and naturalness of the utterance produced by the TTS system has a direct effect on the usefulness
of the TTS system. Experiments based on acoustic analysis have shown that the naturalness and
intelligibility of the utterance produced by TTS systems greatly depends upon the prosodic
features duration and intonation. Having correct parameters for duration and intonation, the
naturalness of the speech produced can be greatly improved. Precise information about the

parameters greatly improves the efficiency of the speaker and speech recognition systems.

Recent work done on Urdu speech synthesis has relied on using either foreign language duration
models or using default durations. Using default durations results in a monotone speech with each
speech unit having the same duration in al contexts, whereas using some other languages’
duration model doesn’t sound natural either as each language has its own chemistry when it comes
to assigning durations to its sub segments. This thesis is a step towards modeling the actual
durational phenomenon of Urdu language and hence accurate duration prediction for the speech

systems.

In natural speech, the durations of phonetic segments are strongly dependent on the contextual
and positional factors. For synthetic speech to sound natural, the module for computing segmental
durations (the duration module) must mimic these contextual factors as closely as possible. This
dissertation is focused upon finding the percentage effect of these factors for Urdu, to explore the
durational trends and to make a duration model for Urdu that precisely predicts the duration of a

phone in the particular context.



The two facets of segmental duration that obstruct the construction of a duration system are the
interaction between the factors and the scarcity of training data. In order to study the behavior of a
language in context of duration, the experiment should be set up carefully in order to capture as
much of the data sets as possible, but still the rare occurrences remain uncaptured. In this
dissertation an extensive study of the trends of duration exhibited by Urdu consonants and vowels
under controlled single word environment are studied and presented. A duration prediction model
based on the sum of products model (SOP) is then made based on this durational study. This
thesis starts with a brief introduction to the issues related to duration modeling and how different
duration models cope with them. An overview of the techniques used for modeling segmental

durationsis also included.

2. Duration M odeling

Very little is known about the underlying process responsible for speech timing, and speech
timing can only be predicted up to a point from text. (S¢ayli, E; 2002). Owing to this, duration
prediction for TTS systems remains a challenging area in speech science. For example the FO
peak value depends on several factors like stress, phrasal location, vowel identity etc (Santen, J;
Sproat, R; 1998 ). Identifying these factors and predicting their correct values requires the

following key issues to be considered:

1. Which factors are relevant for the given variable?

2. How do the factors in combination affect the variable?

Thinking of TTS duration component as a black box, inputs to the black box can be described as
discrete vectors, for example the input vector to the TTS duration component can be a vector of

the form
f = </ol, stressed, accented, ..., word final > D
This vector represents the properties of phoneme /o/ with properties stressed, accented and in

word final position. Each component of such a vector is alevel on afactor, where each factor can

be identified as a set . For example the stress and word position factors can be identified as



Stress = { 1 stress, 2 stress, unstressed} 2
Word position = {word-initial, word-middle, word-final} 3

Denoting factorsas F, ...Fy, the set of all vectors S forms afactoria space

S=FxF; x...xFy (4

The task of the duration or timing component isto assign segmental durations to inputs of the type
in equation 1. In other words the duration component maps vectors onto real numbers, R

DUR: S —» R (5)

3. Properties of Segmental duration data

Segmental duration is among the aspects of speech, which atext to speech system must infer from
text. Two challenges are faced when trying to predict ssgmental duration from text. The first
challenge is that the feature space has an extremely uneven frequency distribution. The feature
spaceisthe product of al factorsF1 x . . . x Fn, where afactor F1 is defined as a partition of
mutually exclusive and exhaustive possibilities such as{1_stressed, 2_stressed, unstressed} . The
linguistic space is the subset of vectors that actually occur in the language, and is significantly
smaller than the feature space. Thus as aresult the training samples often include a very small and
uneven subset of the feature space. However it has been shown (Santen .J; 1994) that text samples

as small as few sentences are guaranteed to contain exceptionally rare feature vectors.

The second challenge is that the factors interact. By interaction we mean that magnitude of an
effect is not constant but is affected by other factors. These properties of the segmental duration
data are discussed below:

3.1. Coverage I ssues



Construction of atraining database having an adequate coverage of the linguistic spaceisavery
difficult task. Thisis due to the large number of factors that have major effects on segmental
duration, for example for vowels at least eight factors are known to have a significant impact.
Each of these factors will have several levels, thisleaves us awith alarge feature space for
studying the effect of vowel durations. In order to construct a training database, the to-be-read text
must be generated to cover these feature vectors, but the lopsided of these vectors in text makes it
very difficult to have complete coverage. In (Santen .J; 1992) it has been shown that “even a small
sample of one dozen sentences consisting of afew hundred phonetic segments is amost certain to
contain at least one feature vector that occurs less than once in a million segments. Hence, the
duration system cannot ignore exceptionally rare feature vectors. ” To obtain adequate coverage a
greedy algorithm proposed by J.P.H Van Santen can be used, however it also does not guarantee a
balanced data set.

Once having text with adequate coverage, the speech recordings should be done at a controlled
speech rate. Speakers have a general tendency to talk faster in longer sentences. Multiple
recordings need to be done to cater with this variability of the speaking rate, however deviations
from the average speaking rate still remain. The only way to counter these problemsisto have
multiple data points for each feature vector but this resultsin a significant increase in the amount

of recording.

In practice the data used for duration modeling does not has al the feature vectors but the
distribution is such that they provide durations that are accurate for some vectors, marginally
accurate for alarger number of vectors, and are lacking duration information for a still larger
number of vectors, these are the rare vectors of language that are not easy to capture asiit

drastically increases the duration data.

3.2. Interactions

Interactions among factors pose problems for models to capture the effect of any factor. This

applies to the simplest sum-of-products models, i.e. the additive and multiplicative models.



Factors are said to interact when other factors modulate the effect of one factor. Two types of
factors exist, ordered factors and categorical factors.

Ordered factors are the factors whose effects are aways in the same direction. Interactions
involving ordered factors are normally well behaved in that their effects are amplified by other
factors but not reversed or otherwise. Many factors are ordered for example, in spoken English it
is difficult to imagine that two conditions differing only in syllabic stress and having longer vowel
duration in the unstressed condition than in the stressed condition.

The advantage that these ordered factors give is that they form the basis for interpolation. Assume

for example, that for vowel duration factor the following factors are ordered

e Within-word position (word-final >, other)

e Prevocalic consonant (voiced stops >4 other)

Then vowel duration in “bead” should be longer in duration than “feed”. More generally a set of
factor-wise orders together define a partial order over the feature space. Having so if some feature
vectors are missing in the training data, chances are that at least some of each subset is present,
which can then be used to predict the duration of the missing vectors.

Not al factors that apply to vowel duration are relevant for consonants. Consider the stress factor
for vowels and for intervocalic consonants, obviously the “stress levels of the immediately
surrounding vowels” has a great impact for intervocalic consonants but has no significance for
vowels. So the sum of products model made for vowels is not applicable in this case. In general
there are categorical distinctions in the feature space that cannot be bridged by sum of products
models because either different factors apply, factors require different restrictions, factors have
different effects with respect to categorical distinction. Thus the sums of products models here
have to be different for both the categories. Such factors that belong to different categories are
called categorical factors. A category treeis shown in Figure 1.



OHEETS PHRASE-MEDIAL PHEASE-FINAL
[OONSONANT CLASSES]  [CONSOMANT CLASSES) [COMSOMANT CLASSES)

Figure 1: Categorical distributions made in duration system

4. Duration modeling techniques

4.1. Lookup table

Lookup table is the simplest statistical model used for duration prediction. It consists of assigning
a value to each possible combination of parameters of the descriptor vector (Febrer, A. et. a.).
These values are found using the training data and finding the base average duration for each

feature vector.

This approach however cannot be generalized and requires that the training database should cover
the feature space completely in order to find the average durations for each feature vector. (Sgayli,
E; 2002)



4.2. Additive and multiplicative models

Duration prediction with additive model is done according to the formula (Ssayli, E; 2002):

DUR (f) = Dy (f1) + D> (f2) + ... + Dy (fn) (6)

This mapping is usually done in multiple stages. Thus for each i, first the vector Fi is mapped onto
Ri, and the combinations of these outputs is mapped onto the final output by adding these
numbers. This is the fundamenta concept of the additive model. This process can be represented
as.

Db : F—» R (7)
And the resulting values are combined to get the final duration output asin eq 6:
In the additive model represented by equation 6, each D; is a parameter vector, whose number of
componentsis equal to the number of levels of factor F; . For exampleif F; isthe Stress factor, and
D1 (1 stressed) = 15ms, D; (2 stressed) = 6 ms, and D; (unstressed) = -20ms, then in this case the

effect is that 1 stressed vowels are 35ms longer than unstressed vowels. These parameter values

can be estimated from data and represent the effect of Stress factor in this particular case.

There could be more than one per-factor mapping. For example for i = 1,2,3, in addition to F; we
have E;: F,— R and the combination ruleis given by:

DUR(f) =D, (fl) + D> (f2) + Dq (fl) x D3 (f3) (8)

It is evident that determining the magnitudes is no longer straight forward as now the factors

interact. If the third factor is phone identity then the effects of stress are given by:

StressEffect(/e/) = [ D1(1 stressed) + E; (1 stressed) x D3 (/ef) | -



[ D1 (1 unstressed) + E; (1 unstressed) x D3 (/€f) | 9)

StressEffect(/i/) = [ D1(1 stressed) + E; (1 stressed) x D3 (/i/) ] -
[ D1 (2 unstressed) + E; (1 unstressed) x D3 (/i/) ] (10)

The stress effects will be different for these two vowels, meaning that the stress factor and vowel

identity factor interact.

For interactions in the multiplicative sense the “+” is replaced by “x” and “+”. In multiplicative
interactions, the effects are measured in fractions rather than millisecond amounts (Santen, J;
Sproat, R; 1998).

A big advantage of additive systems is that the needed coverage of feature vectors in training
database is much lower than othersi.e. lookup table models where complete coverage is required.
Additive and multiplicative models are used frequently in TTS systems because of relatively
simple parameter estimation (Ssayli, E; 2002).

4.3. Klatt’s model

The Klatt duration rules are a standard in speech synthesis. Based on a large number of
experiments modifications from a base duration of all the phones are describe by a set of 11
rules.(Girija.P, Sridevi.A) The Klatt model assumes that

e Each phonetic segment type has an inherent duration that is specified as one of its
distinctive properties.
e Eachruletriesto effect a percentage increase or decrease in the duration of the segment

e Segments cannot be compressed shorter than a certain minimum degree.

The model is represented by the following formula:

(INDUR - MINDUR) x PRCNT



DUR = MINDUR + (11)
100
Where
INHDUR = inherent duration of the segment
MINDUR = minimum duration of the segment if stressed
PRCNT = percentage shortening determined by applying rules determined from experiments (i.e.
phrase final lengthening, polysyllabic shortening).

This equation can be rewritten as:

DUR(V, C, P) = 511(V) $12(C) S1.5(P) + S2a(V) (12)

Here V denotes the vowel identity factor, C the class of postvocalic consonant (voiced vs.
voiceless), P the phrasal position factor, S;1(V) isthe inherent duration of the vowel, S; 1(V) isthe
net duration defined as the difference between the inherent duration and the minimum duration
and S 2(C) and S, 3(P) are constants tied to the post vocalic consonant and the phrasal position. S

is a parameter vector, each parameter corresponding to alevel on the j-th factor.

The rules presented by the Klatt model are applied successfully starting with initial (or “inherent”
segment duration. The rules proposed by Klatt are:

1 PAUSE INSERTION RULE: Insert a brief pause before each sentence-
internal main clause and at other boundaries delimited by an orthographic
comma (Goldman-Eider, 1968; Cooper et al., 1978).

2. CLAUSE-FINAL LENGTHENING: The vowel or syllabic consonant in
the syllable just before a pause is lengthened (Gaitenby, 1965). Any
consonants in the rhyme (between this vowel and the pause) are aso
lengthened (Oller, 1973; Klatt, 1975a).

3. PHRASE-FINAL LENGTHENING: Syllabic segments (vowels and



syllabic consonants) are lengthened if in a phrase-fina syllable (Klatt,
1975a). Durational increases at the noun-phrase/verb-phrase boundary are
more likely in complex noun phrase or when subject-verb-object order is
violated; durational changes are much less likely for pronouns (Harris et
al., 1981). The lengthening is perceptually important (Lehiste et al., 1976;
Umeda and Quinn, 1981).

NON-WORD-FINAL SHORTENING: Syllabic segments are shortened
dightly if not in aword-final syllable (Oller, 1973). [This rule is disputed
by Umeda (1975).]

POLYSYLLABIC SHORTENING: Syllabic segments in a polysyllabic
word are shortened dlightly (Lehiste, 1975a). [Thisruleis aso disputed by
Umeda (1975).]

NON-INITIAL-CONSONANT SHORTENING: Consonants in non-
word-initial position are shortened (Klatt, 1974; Umeda, 1977).

UNSTRESSED SHORTENING: Unstressed segments are shorter and
more compressible than stressed segments (Fry, 1958; Umeda, 1975,
1977; Lehiste, 1975a).

LENGTHENING FOR EMPHASIS: An emphasized vowe is
significantly lengthened (Bolinger, 1972; Umeda, 1975).

POSTVOCALIC CONTEXT OF VOWELS: The influence of a
postvocalic consonant (in the same word) on the duration of a vowel is
such as to shorten the vowel if the consonant is voiceless (House and
Fairbanks, 1953; Peterson and Lehiste, 1960). The effects are greatest at
phrase and clause boundaries (Klatt, 1975a).



10. SHORTENING IN CLUSTERS: Segments are shortened in consonant-
consonant sequences (disregarding word boundaries, but not across phrase
boundaries) (Klatt, 1973a; Haggard, 1973).

11. LENGTHENING DUE TO PLOSIVE ASPIRATION: A stressed vowel
or sonorant preceded by a voiceless plosive is lengthened (Peterson and
Lehiste, 1960).

When the Klatt model was introduced it was also perceptually evaluated in an experiment. It was
found that durations predicted by the model were of equal naturalness as the original durations
from the reference speaker (Carlson. R).

Klatt model is a sum of products model (explained later) as is evident from equation 12. The
Klatts’ model is arguably the best duration model and has been implemented by MITTalk and also
has been adapted for other languages (Santen .J; 1994).

4.4. Sum of products model

The sum of products model represents the duration for phonemes/context combination described

by the feature vector f as:

DUR(f) = 2icklfjeii S (i) (13)

Here k represents the set of indices, each of which corresponds to a product term. The sum of
products models capture the phenomenon of directional invariance, according to which the effects
of a factor, like stress or prepausal position have always effects on the same direction. It was

observed in an experimental procedure that the mean duration of non-prepausal /O/ is longer than



/ol. That is holding all else constant, the same vowels in prepausal position had longer duration

values.

The effects of sentence position do not effect in the same percentage to all vowels, so neither the
factorial model and nor the additive model can capture these interactions fully. A combination of
sums and products more beautifully captures and reflects the properties of duration, as directional
invariance and interactions. Several sum-of-products models have been proposed which model
either the duration or logarithm of the duration, and all these models give near about the same
results. For vowels the best results are obtained by the following sum-of-products model
(Bonafonte A. et. al.)

D(v,ac,p,t) = Spa(v) +S1(v,a) + S31(V) Ss2(p) Ss3(C) Ssalt) (14)

Here (v) denotes vowel identity, (a) stress, (p) sentence position, (c) class of post vocalic phone
and (t) the manner of articulation of post vocalic phone.

For a given number of factors there are many different sum-of-product models. For example for
two factors there are five possibilities: S;1 X S$12,S11 %X $2 ,S11+ S1x S22 Si2 + S1%x S,
Si1+ $1x S +S32 . The number of possible models increases rapidly with the number of

factors: it is roughly propotional to 2™ —1, where n is the number of factors.

Many factors are ordered such that their effects are never reversed by other factors but their
magnitudes may be modulated by other factors. This property is known as single factor
independence and a generalized form of it is known as join factor independence, which means that
the order of joint effects of two or more factors stays the same. For example durations of
combinations of vowel identities and syllabic stress values (e.g. [/i/ , O-stressed], [/e/ , 1-stressed)])
have the same order in phrase-final and phrase-medial position. But thisis not true in al cases for
example no such property is exhibited for the combination of vowel identities and postvocalic

consonants. [TTS]



There is a direct mathematical link between the ordinal properties of the data set and the sum-of-
products model: In the data set when the factors are ordered they exhibit regular patterns of joint
independence and amplificatory interactions. The sum-of-products model captures these
properties of the segmental duration data. The key assumption made here is that the ordinal
structure discovered in the training database can be found in the language in general (restricted to
the same speaker and speaking mode). These properties exhibited are the resultant of the stable
properties of the speech production apparatus. For example the non-reversal of the syllabic stress
factor is linked to the supposition that stressed syllables are pronounced with more sub glottal
pressure, increased tension of the vocal chords and larger articulatory excursions than unstressed
gyllables. The changein timing is aresultant of change in these factors.

An example of the usage of the model based on Catalan TTS is predicting the duration for /a/
(always stressed) in prepausal position followed by /p/ (voiceless plosive). The duration predicted
using the values from table 1 is 83.28ms (73.38 + 1.17 * 4.25* 1.99). From the table the effect of
prepausality (Ss2) on the vowel lengthening is very noticeable (this effect is accentuated in
syllable final position, i.e. followed by silence (Sz4) ). The contrastive effect of voicing on Catalan
vowel duration is also evident from the table. (Febrer, A. et. a.)

v S1.1 S2,1 S3.1 p S3,2 Prepausa t S3,4 sil 5.84
| 425 Non- vow 6.17 nas
a 73.38 0.00 1.17 prep 1.00 1.00 vib 2.23

plo 1.99 app 2.

e 41.55 34.79 1.64 66 fri 3.89 lat
[ 58.64 16.4 1.80 ¢ S33 Voiced 2.41 2.05

o] 66.38 0.00 1.47 Voiceless 1.00

u 59.47 16.59 1.09

E 76.59 0.00 1.61

(0] 74.70 0.00 1.43

@50.200.001.21
Table 1: Parametersfor sum-of-productsfor vowelsfor Catalan

The difference in the nature and properties of different consonants motivates the division of the

model for consonantsin a set of subsystems based on the manner of articulation. The capability of



extrapolating and generalizing provided by the sum-of-products model proves more effective
when the set of descriptor vectors is restricted to similar contexts. Possible subsystems to be
analyzed could be the nasals, voiceless plosives, voiced plosives, fricatives and liquids (Bonafonte
A. et. a.). A sum-of-products model for consonants and the results for the Catalan language are
givenin (Febrer, A. et. a.).

Along with the property of interpolation and covering up for the missing data, the duration models
also have the noise suppression property, i.e. even when the data are noisy the durations estimated
by the model are close to true durations.(Santen .J; 1994)

4.5. Classification and Regression trees (CART)

In CART based modeling the feature space is divided to minimize prediction error and constructs
a tree representing the partition of the feature space ( Bat°usek .R ). In CART, in the training
phase, a tree is formed by successively dichotomizing the factors (e.g., the stress factor is split
into 1-stressed, 2-stressed vs. unstressed) to minimize the variance of the durations under the two
newly formed subsets of the speech corpus. For each node of the tree, the observed average
duration of the associated subset of the speech corpusis listed. In other words, CART is a genera
purpose statistical method that imposes little structure on the data. In a way, it is a condensed
lookup table (Ssayli, E; 2002).

Classfication and regression trees (CART) are a statistical modeling technique used to predict a
value of avariabley using the corresponding feature vector f. The following example gives a clear
idea of the prediction process used by CART trees.

The steps followed to predict the duration of a speech segment f described by the feature vector
f=(phid=t_S previd=i, nextid= e,.... ,wordpo s= m) are:

Using the tree shown figure 2 first, we ask the question in the root node: Is f long vowel? Asf is

not a long vowel, we continue asking the question in the right descendant of the root node: Is f



unvoiced plosive, fricative or affricate? We continue asking questions until a terminal node is
reached. A value in the terminal node is the predicted duration (107.7 msfor the sample segment).

phid inf{a: e, o0}

67.3
ppse in {phrase-final} phid in{p,te kt st 8 fs3x}
107.2 4
phid in{az} ppse in{phrase-final} ppse in {phrase-final}
100.4 8B.48 56.5
|( 135.8 T A \I | 122.0 | nextid in  Plos +Fric +Afr =p in {onset} sp in {onsst}
I\ 275 l 03 J | 30 | a4 a5 54
T e
phid inft_s, 1.5} | [ 581 1202 | | phid in fol
ar | Do) Do ][ s
107.7 phid in {p, t,c k} HT 49,2
p—_ 1.8 178

231 103.2

0.0 4.4

Figure 2: Regression treefor predicting segmental duration for Czech.

The tree construction consists of three steps:

e Building atree
e Pruning subtrees and

e Selecting an optimal tree.

To build atree atraining (or learning) set L is needed. Thetraining setisintheform{ (f",y") ; n
=1, 2, ..., N}where f" are feature vectors of corresponding objects and y" values of the dependent
variable. Tree construction starts with the tree consisting only of a root node t; containing all of

the casesin L. The task now isto find the optimal binary split of the data. For real-valued feature



all splits of the form " < 1 are tested. For the M-valued categorical feature i, splits have the form
fi € ® where ® goes through all subsets of the set of al possible values of the feature i. The best
split across al featuresis selected and the data in the root node is splitted and sent into nodestL;
tR. This procedure is applied recursively to all descendants until a stopping condition is ful-filled.

Root mean sguare error is used as a splitting criterion

After the tree construction phase, a relatively large tree Tmax is obtained. Some branches are
pruned and atree sequence Tmax o ... o Tk o...2 TK =t; isconstructed. Among these trees

the best tree is selected using a test sample independent on atraining sample.

The CART-based approach has several advantages. It provides the ssmplicity of interpretation of
the fina classifier and the possibility of combination of categorical and realvalued features (
Bat°usek .R ). However CART based models have no means of dealing with missing feature
vectors other than by pooling whereas the sum-of-products models uses interpolation. If for a
given feature vector there is no case defined in the CART tree, the tree has no way to predict it’s
value and gives an erroneous result, however in case of sum-of-products model interpolation helps
get the accurate value. When data possess an ordered structure, CART-based methods cannot
make use of that structure (Santen .J; 1994).

4.6. Statistical Methods

Aswill be discussed in coverage issues analysis of data other than those where a small number of
factors is carefully counterbalanced and where the remaining factors are kept constant encounters
a serious problem, which is that combinations of factor levels (cells) occur with unequal
frequencies, thus causing confounding between factors. In fact data is so sparse that most cells
either rarely occur or do not occur at al while a few occur quite frequently, this is called factor
confounding (Santen .J; 1992). Due to this factor confounding the durations corresponding to our
factor of interest or the critical factor may be affected by other factors (confounding factors). For
example in study done to study durations of English, in the data bases analyzed, word fina
syllables in polysyllabic words were about five times more likely to be unstressed than stressed,
while non word final syllables were two times more likely to be stressed. As is well known that



word final syllables have longer durations as compared to word medial or word initial ones,
however due to this lopsidedness in data found the word final syllables in the polysyllabic words
were shorter in duration. This was due to the polysyllabic factor confounding with the word final
lengthening factor. So in this case the raw uncorrected means were actually in reverse order from
what they should have been which makes the genera case that without more sophisticated
analysis raw durations can be completely deceptive. These problems become significantly worse
if the data being analyzed has a very small range of textual variations. The techniques used to
deal with such situations the Quasi minimal pairs and sets, piecewise multiplicative correction and
the sum of products model (already discussed).

4.6.1. Quasi-minimal pairsand sets

Even when all observations (vectors) are not found in the data set, there still may be combinations

that occur with al levels of the factor being studied, we may have several observations for

{unstressed, word final, /u/ }
and
{stressed, word final, /u/ }
but not for
{unstressed, word final, /e/ }
{unstressed, non word final, /e/ }

In these pairs, the conditions are matched on position in word and stress factors repectively.Pairs
of conditions such as these are called quasi-minimal-pairs. The difference between the duration
means of the two conditionsin aquasi minimal pair provides a measure of the effects of the factor
being studied since it cannot be attributed to the effects of other factors on which these conditions
match (as they behave as constants here). The concept of a quasi-minimal pair can be extended to
that of a quasi-minimal set, where a combination of levels on confounding factors occurs with
severa levelson the critical factor, not necessarily two.



The analysis of quasi-minimal pairs assumes that there exit no quasi-minimal pairs outside the
database being observed which have values that are in opposite direction to that being observed
inside the database. The belief that no such sets exist rests on the assumption of single factor
independence (already discussed in sum of products models) which says that the direction effects
of afactor is independent of other factors. Meaning that for a factor, its’ effect will always be in
the same direction, we won’t find cases when in one cases stress effect causes an increase in
duration whereas in other it causes a decrease. This assumption istrue for many factors.(Santen .J;
1992)

4.6.2. Piecewise multiplicative correction

“When for a given critical factor not enough quasi-minimal pairs or sets can be found, a different
method can be used that relies on the assumption that the effect of critical factor and the joint
effects of the remaining factors combine multiplicatively. If the the j-th factor is denoted as F;
(where F has levels fj, f'j, T, ...), the critical factor as F1, and DUR (fy,....f,) to be “true”
duration of the cell defined by Fi having level f;, F, having level f,, etc, then piece wise
multiplicativity is defined as

DUR (fy,...,fr) = A(f1) x B(f2,..., fn)

Where A and B represent unknown parameters to be estimated from the data. They reflect the
contributions of the critical factor F; and the corrective factors F,, ..., F, respectively . Here the
additive rule (by using the ‘+’ sign) could also be used, but the multiplicative rule generally better

fits the duration data than the additive rule.

The word piece wise emphasizes that we are not assuming complete multiplicativity, which would

mean that

DUR (fy,...,fn) = A(fy) x B(f2) x B(f3) x...x B(f,)



This means that the term B(f,,..., f,) need not be itself multiplicative, and may in fact involve
arbitrary complex interaction patterns. The strength of the multiplicative combination rule is that
it allows estimating the contribution of the critical factor corrected for the effects of confounding
factors.

As with the quasi minimal sets method the effects of a factor as estimated with the multiplicative
correction method are likely to vary with different selections of corrective factors. Both of these
methods have difficulties with factors that have many levels. However in the process of analyzing
factors when one discovers which levels on factor make a difference, this knowledge can then be
used to reduce the distinctive levels on these factors. For example the post vocalic consonant
identity factor can be reduced from the whole space to the classes of consonants based on manner
or place. (Santen .J; 1992)



5. Problem Statement

The statement of problem for the thesis work presented is:

“To attain the greatest degree of naturalness in text to speech systems, the values
of the prosodic functions like duration and intonation must be accurately predicted. This thesis
will attempt to predict the duration of Urdu Vowels and Consonants using the Sum of Products
(SOP) model. The SOP is known to predict the values with the greatest accuracy amongst all the
models available.”

A detailed duration study for Urdu Vowels and Consonants will be conducted. These include:
1. TheFind the default durations of all Vowels and Consonants of Urdu.

2. Find the effect of the following factors on the duration of selected Urdu Vowels
and Consonants.

Factorsto be studied for Urdu Vowels;
e Sress

e Influence of adjacent Consonants
o Voicing
0 Aspiration
Position in Word ( final / non final)
Syllable Type (Open / Close)
Number of Syllables

Factorsto be studied for Urdu Consonants:
e Sress

e Positionin Word ( final / non final)
e Positionin Syllable (Onset vs. Coda)
e Syllable Type (Open/ Close)
e Number of Syllables

3. Make the SOP duration prediction model.



6. Duration modeling for Urdu

This section reports the scope and methodology for the intrinsic duration calculation and the
durational study. The section proceeds by reporting few results for a prototypical study done to
find durational patterns for Urdu. This prototypical study was done on only one factor (Position in
word) to have an idea of the trends exhibited. The complete and detailed results of this thesis are

reported in the sections 8 and 9.

6.1. Intrinsic Duration Calculation.

6.1.1. Scope:
Intrinsic durations for the phonemic inventory of Urdu shall be found. These include 16 vowels (7

long vowels, 6 nasalized vowels and 3 short vowels), 13 diphthongs and 37 consonants. These are

listed as follows:

Vowels:
Type Position : Sound
Front/Back High/Low Symbol
Long Front High i
Middle e
Low &
Back High u
High-Middle o
Low-Middle o)
Low a
Short Front High 1
Back High U
Middle Middle o
Nasalized Front High 1
Long Middle g
Low &
Back High u
High-Middle  §




Low a

Diphthongs: 1, 2e, ae, ao, ai, ae, ea, oi, a¢, oe, 31, 10, ail
Consonants:
m’ t) (j) dt.l) n) t) kﬂ gﬂ lj) q) f’ Wﬂ S) j‘) X) h) d39 1) p) th bh mh’ nth§ d’ th’ d

h, k" g%z, ¥, tf, tf*, d3", 1, 1, j, 3

Consonants not being analysed : ", ¢, 1", n".

The complete phonemic inventory of Urdu defined in (Manan.S, et. al. 2001), reports 17 vowels
and 43 consonants. For this study 16 vowels and 37 consonants were chosen. the vowels and

consonants dropped were the ones which are no longer used by the native Urdu speakers.

(Manan.S , et. al. 2001) reports the existence of [e] and concludes that there is high degree of
chance that [] and [¢] are alophones of each other. But the decision is |eft as a controversy, to be

examined in greater depth by further studies. Only one word was reported for this vowel. Thus [€]

is not included in the study of intrinsic durations.

Sonorant aspirates (1", ¢, 1", n") and the glottal stop (?) was removed from the set to be analyzed.
The reason for their elimination was their very rare occurrence in Urdu and the fact many Urdu
speakers no longer use them (these aspirated phonemes are disappearing from Urdu). (Mazhar S
2001)



6.1.1. Methodology:

The context for finding the intrinsic duration was chosen so as to mitigate the effects of factors
which result in a change in duration. Representative words chosen were in the same segmental

context.

For vowels the target vowel was in inter-consonantal, stressed position in CVCV syllable

template. Word media position was chosen for the target vowel. The preceding and following

consonants were voiceless aveolar and velar stops (t, k) (except for two vowels which were in

context of voiceless bilabial and dental stop (p,d ) respectively). The preceding and following

consonants chosen were similar in manner with close places of articulation to diminish the effect

of change in duration due to jaw movements.

For consonants the target consonant was in intervocalic unstressed position in the CVCVC

syllable template. The preceding and following vowels were the long back vowels (u, o, 2, a)

and short vowel (1,u,0) respectively in most of the cases. The constraint of having the consonant

preceded by short vowel was to have the consonant in unstressed position. Words for consonants

were taken from the Urdu lexicon, and wherever possible highly familiar words were sel ected.

Twenty four (24) repetitions of each word were recorded and analyzed to have generalized

duration values. Four repetitions of each word were said by each speaker.

The selected speakers belonged to age group 22-24 and had a Lahori-Urdu accent. A total of six
speakers, three males and three females were chosen. Special care was taken while selecting the
speakers to ensure that their speech was clear and that the inter speaker speaking rate was almost
the same. The overall speaking rate was in range that was typical for connected speech.

The recording was carried out in a noise free environment. Each speaker was made to speak the
selected words within a carrier phrase. The sentences were randomized to ensure the natural

delivery of the words, flash cards were used for this purpose. Every sentence was recorded four



times to remove any discrepancies. The equipment for recording consisted of a high fidelity
microphone and a Teac integrated stereo amplifier.

6.2. Durational Effects Study

6.2.1. Methodology

A review of the available literature on duration models of different languages was done and the
set of factors reported to have significance in duration modeling were chosen. The impact of the
following factors was chosen to be studied. The factors chosen are the ones which are reported to

have the most significant effect on duration by the literature on duration.

Factors to be studied for Urdu VVowels:
e Siress

Influence of adjacent Consonants
o Voicing
0 Aspiration
Position in Word ( final / non final)
Syllable Type (Open / Close)
Number of Syllables

Factors to be studied for Urdu Consonants:

o Slress

e Position in Word ( final / non final)
e Positionin Syllable (Onset vs. Coda)
e Syllable Type (Open / Close)

e Number of Syllables

Word level analysis was chosen for the initial study, future plans include enhancing this analysis
to sentence level using standard text and speech corpora. As discussed in the duration analysis

part there are various positions where durations are expected to differ, these positions are word



final position, syllable boundary, phrase boundary, sentence ending position, and word initial
position. In an analysis done on Telugu language (Girija.P, Sridevi.A), the levels considered for
the “position in word” factor are word initial, word medial and word final positions , however in
general most of the analysis done for different languages differentiated on the basis of word final,
non word final basis only. The same i.e. the study of word final lengthening was chosen as the
initial goal for this study.

Having decided the factorsto study, for each vowel we had a vector

{ Stress, Preceding consonant, Following consonant, Syllable type, Position in word}

and for each consonant a vector,

{ Stress, Position in word, Position in syllable, Syllable type, No of Syllables}

with each factor having the levels as:

Stress = { stressed, unstressed}

Preceding consonant = { voiced, unvoiced, voiced aspirated, unvoiced aspirated}
Following consonant = { voiced, unvoiced}

Syllable type = { open, closed}

Position in word = {word final, non word final}

Position in syllable = { onset, coda}

No of Syllables={1, 2, 3}

In case of “Following consonant” the aspiration effect was not counted as having as any effect
since aspiration occurs after the burst of any stop (in general it appears after the phoneme itself)
and is assumed to have no effect on the duration of the preceding vowel.

A matrix of these factors was made. As expected there were many repetitions and many cases

which were not applicable to Urdu language. For example according to the stress assignment rule



in Urdu (Hussain, S. 1997) , the feature vector {stressed, ..., open, word final} can never exist.
All such cases were removed by careful analysis based on linguistic knowledge of Urdu. For each
vowel and consonant being studied representative words were found. For example in case of the
prototypical study on word fina lengthening representative words were found with the vowel
occurring in word initial and the word final position, having all other factors which effect duration

as constant. The words chosen for the prototypical study are shown in Table2.

6.2.2. Selection of Vowels and Consonants

Vowels chosen for this duration study are the four cardinal long vowels /a/, v/, /i/ and /=/, the

three short vowels /o/, /u/ and /1/, the nasalized long vowel /d/ and the diphthong /a&/. The idea

was to find the trend followed then interpolate them over to the other vowels in the vowel

guadrilateral. Thus the vowels chosen are the following:

For the selection of consonants, the objective was to cover almost al the manners of articulation,
so for this purpose the place of articulation was fixed at alveolar and all the alveolar sound were
chosen. The reason for fixing the place of articulation was also to avoid the effect of factor place
of articulation. The manners of articulation chosen are Stops (aspirated and unaspirated),
fricatives, affricates, trill, flap and lateral. For the sake of completeness of the study, the two

nasals stops /m/ and /n/ were also included. Thus the consonants chosen are the following:

NI EIPIE NN

6.2.3. Selection of words

The context for finding the words was chosen so as to mitigate the effects of factors which result
in a change in duration. In case of vowels, place of articulation for the preceding and following
consonant was fixed at aveolar, velar and bilabial. The manner of articulation for all the



consonants was stops, only one manner was chosen so as to avoid the effects of manner of
articulation and to have exact results. All words were of two syllables; however no restriction on
syllable structure was imposed so as to have a reasonable range of words for the study. In case of

consonants words of three syllables were also chosen.

An electronic lexicon was used for the purpose of word finding. Due to the strict context (place
and manner of preceding and following consonant) in which to find the words, not all the
categories (descriptor vectors) could be filled in. Also certain categories had words for some
vowels but not all. For example for the diphthong /a&/ only words of template 5S> (o S
were found, which was obviously owing to the fact that the Urdu language did not had much
words in which diphthong /a&/ existed in any context other than word final. For example this

word doesn’t conform to the context decided for the prototypical study, also no pair was found

relevant to study the “position in word” factor.

6.2.4. Selection of speakers

For the acoustic analysis the selected words were recorded as spoken by different speakers. The
selected speakers belonged to age group 22-24 and had a Lahori-Urdu accent. A total of six
speakers, three males and three females were chosen. Special care was taken while selecting the
speakers to ensure that their speech was clear and that the inter speaker speaking rate was almost

the same. The overall speaking rate was in range that was typical for connected speech.

6.2.5. Recordings

The recording was carried out in a noise free environment. Each speaker was made to speak the
selected words within a carrier phrase. There are two types of speech corpus. In one carefully
designed sentences are recorded to minimize the effects of factor confounding. However this does
not capture actual durations as the sentences or the words are recorded in a carrier sentence and

the repetitive use of the carrier sentence may undermine how naturally the text is read. The other



approach is to use naturally occurring meaningful sentences. This has the advantage of a more
natural reading style but the disadvantage of creating confounding. The later approach was used
for this study.

The sentences were randomized to ensure the natural delivery of the words, flash cards were used
for this purpose. Every sentence was recorded four times to remove any discrepancies. The
equipment for recording consisted of a high fidelity microphone and a Teac integrated stereo

amplifier.

Twenty four (24) repetitions of each word were recorded and analyzed to have generalized

duration values. Four repetitions of each word were said by each speaker.

6.2.6. Duration finding

Analysis of the speech was carried out using Praat 4.2. and spectrograms were read to study the
duration of the vowels. The analysis was done by 1 graduate and 2 undergraduate students. All
were well equipped with spectrogram reading knowledge and had been in active dealing with
spectrogram reading for almost 8 months (Reading and splitting spectrograms for speech
synthesis applications). In general the vowel onset was measured from the first peak or trough at
which the formant characteristics of the vowel became visible. A variation of one to two peaks
(approximately 10 ms) was catered for. Vowel offset was determined similarly. In case of
aspiration of the preceding consonant, the aspiration part was not included in the vowel duration.

6.2.7. Analyzing Durations

Even when all observations (vectors) are not found in the data set, there still may be combinations
that occur with all levels of the factor being studied, we may have several observations for
{unstressed, word final, /u/ }
and
{ stressed, word final, /u/ }



but not for
{unstressed, word final, /e/ }
{unstressed, non word final, /e/ }

In these pairs, the conditions are matched on position in word and stress factors respectively. Pairs
of conditions such as these are called quasi-minimal-pairs (Santen .J; 1994).The difference between
the duration means of the two conditionsin aquasi minimal pair provides a measure of the effects
of the factor being studied since it cannot be attributed to the effects of other factors on which
these conditions match (as they behave as constants here). The quas minimal pairs for the
prototypical study are given in Table 2. Percentage difference between these pairs gives us the

change in duration exhibited in these contexts.

Table 2: Quasi minimal pairs of words

{ stressed, unvoiced, unvoiced, closed, non word final, /u/ } ¢ [
{ stressed, unvoiced, unvoiced, closed, word final, /u/ } i /
{ stressed, unvoiced, unvoiced, closed, non word final, /a/ } 4
{ stressed, unvoiced, unvoiced, closed, word final, /a/ } =Ky
{ stressed, unvoiced, unvoiced, closed, non word final, /a/ } @é
{ stressed, unvoiced, unvoiced, closed, word fina, /a/ } J%
{stressed, voiced, unvoiced aspirated, closed, non word fina, /1/ } /4
{ stressed, voiced, unvoiced, closed, non word final, /1/ } c/j
{ stressed, voiced, unvoiced, closed, non word final, /u/ } o 4




{ stressed, unvoiced, unvoiced, closed, word final, /u/ } B ‘

The words selected and recorded were used to build a duration model using the Festival speech
synthesis system.The Festival TTS system was developed in CSTR at the University of Edinburgh
by Alan Black and Paul Taylor and in co-operation with CHATR, Japan. Festival is multi-lingual
system. Currently English, British, American, Spanish and Welsh are being used though English
is the most advanced. As a University program the system is available free for educational,
research, and individual use. Festival provides a number of different duration prediction modules
with varying levels of sophistication. The duration prediction methods that festival provides are
default durations, average durations, Klatt durations, and CART durations.

For this prototypical study a CART duration tree was built using the wagon utility provided by the
system. Incorporation of the duration model improved the quality of synthesized sound produced
by the system. The sound produced by using the trained duration model sounded more natural
than that produced without using the duration model. The results for word final lengthening case

using the synthesized sounds produced by using our duration model are shown in Table 4.

6.2.8. Resultsfor the prototypical study

All the vowels exhibited a significant increase in duration when they occurred in word final
position. Individual durations for each vowel in the context and the average increase are shown in
Table 3.

The results of synthesized sounds produced by the festival speech synthesis system are shown in
Table 3.Word final lengthening is obvious, however the percentage increase (40.89%) is greater
than in the case of recorded words (34.83%).

Table 3: Durations and per centage change in duration of vowels using recordings



Target )
Vowd Context Duration % Increase
u Non word final 102.97 34.60
Word fina 138.59
a Non word final 129.04 32.59
Word fina 171.09
e} Non word final 49.05 59.94
Word fina 78.44
I Non word final 49.20 28.78
Word final 63.36
U Non word final 47.66 1823
Word final 56.35

Table 4: Durations and per centage change in duration of vowels using duration model

Target . %
Context Duration
Vowsel Increase
u Non word final 126.36 38.33
Word fina 174.8
a Non word final 137.32 60.74

Word fina 220.73

9 Non word final 71.31 43.46
Word final 102.3

I Non word final 62.43 42.58
Word final 89.01

U Non word final 57.97 19.35

Word fina 69.19




6.2.9. Discussion
All the vowels exhibited an increase in duration when they occurred at the word final position.

The general trend followed was that /o/ showed the greatest increase in duration, i.e. 59.94%,

followed by /u/ (34.60%), /a/ (32.59%), /1/ (28.78%) and /u/ (11.71%).These results are shown in
Table 2.

The quasi minimal pairs found for the word final case were for the two long vowels /A/ and /v/
and the three short vowels /o/ /1/ /u/, which represent almost 63% of the data set to be analyzed.
24 repetitions of each word were used (4 repetitions by each speaker). The trends exhibited by the

analysis were that the long vowels exhibited an average increase of 33.60% in duration whereas

the short vowels exhibited an average increase of 35.65% when they occurred in word final

position with respect to non word final position. The general trend exhibited was/a/ >/u/>/a/l

>/1/> vl

The synthesized sounds produced after implementing the duration model in Festival also exhibited
significant lengthening when the vowel occurred at the word boundary (word final).The trend

followed in duration change by the synthesized sounds was however different with /a /

exhibiting the most change (60.74%) . The general trend exhibited was/a/ > /a/ > I/ > lu/ > [ul.

Separate analysis of recordings by male and femal e speakers revealed that femal e speakers tend to
articulate the vowels more carefully than the male speakers. The average difference of 13% was

observed in the duration of recordings of male vs. female speakers. The general trend of duration
increase among male vs. female was not the same as that of the combined data. However /of
showed the most increase in all cases aong with /a/ which is third in number with reference to

duration change



7. Results and Discussion: Intrinsic Duration Calculation.

It has long been noticed that the durations of vowels and consonants vary according to the
contexts and a great deal of studies have been performed to find these factors and their percentage
affect on the phone durations. (House AS 1953)(Umeda N 1960) (Thomas, Arthur; 1987).

Some studies to find the durational effects of different factors employed the use of the default
durations. The method used was that of finding the standard deviation from the mean or average
durations (Thomas, Arthur 1987). However an analysis of such a sort can be applied only when
the affect of only factor is under investigation, so in a sense the mean or average or intrinsic
duration value acts as a part of quasi minimal pair with the other part being provided by the other

value (i.e. the factor under investigation).

For the completeness of this study, a study for the mean or intrinsic duration of vowels and
consonants was done. The scope and the methodology used to find the intrinsic durations has been
already explained in section 7.1, this section reports the results found. The final values of the
default durations for the phones for each speaker have been reported in Appendix A.

7.1. Vowels:

A study for the default or intrinsic duration for all the 16 vowels of Urdu was done. These

included 7 long vowels, 6 nasalized vowels and 3 short vowels.

7.1.2. Long Vowels:

The results obtained for the study of default durations of the 7 long vowels of Urdu are shown in
Tableb.



Table 5: Intrinsic durationsfor the Urdu long vowelsin descending or der

Long Vowelsin descending duration order
Vowel Target word Duration (ms)
5 by 132,92
® < 132,27
u (o 126,57
a JL 125,44
e J 114,87
i . 111,58
o K; 109,36

The average duration for the long vowels was found to be 121.85 ms. The longest vowel was
found to be /o/, having duration of 132.92 ms and very close to it was the long vowel /z/. The
vowel with the minimum length was found to be /o/, having duration of 109.36ms. The difference

between the longest and the shortest long vowel was found to be 23.60 ms .These trends are

obviousin the Figure 3.



Default durations for long vowels
135,00 1
S 130,00 1
2 125,00
E’ 120,00 -
~ 115,00 -
= 110,00 -
8 105,00 - ﬂ
100,00 ‘
. Q u A e i 0]
Long Vowel

Figure 3: Intrinsic durations for the Urdu long vowelsin descending order

7.1.3. Nasalized Vowels:

Urdu language has 6 nasal vowels, which are basically the corresponding nasal versions of six of
the long vowels, with the exception of the long vowel /o/. The results for the study of default

durations for the nasal vowels are shown in Table 6.

Table 6: Intrinsic durationsfor the Urdu nasal vowelsin descending or der

Nasalized Vowelsin desceding durations

Vowel Target word | Duration (ms)
i JQJ 233,45
0 Ur 226,30
i v 214,50
g U 202,19




a Jb 196,23

& ot 193,09

The average duration for the nasal vowels was found to be 210.95ms. The average percentage
difference in duration of the long vowel and the corresponding nasal vowel was found to 46.02 %.
Theindividual trend for each vowel is shown in the Figure 4.

Comparison of the default durations for long
vowels versus the corresponding nasal vowel

250,00
200,00 - ] ]
150,00 -
100,00 -
50,00 -

0,00

Default duration

u e
u)

Nasal vowel : Long vowel

A | Q
Q)

e) A)

Figure4: Default durations, Nasal vowel ver sus corresponding long vowel

7.1.4. Short Vowels:;

Theintrinsic duration values found for the short vowels have been reported in the Table 7.



Table 7: Intrinsic durationsfor the Urdu short vowelsin descending order

Short Vowelsin desceding durations
Target Duration
Vowel
word (ms)
v ¢ 70,39
Y 1»,( 69,59
1 ¢ 56,59

The average default duration for the short vowels was found to be 65.52 ms. The longest short
vowel was found to be /u/ having an intrinsic duration of 70.39ms and the shortest was /1/ having

an intrinsic duration of 56.59ms. The difference between the two being 13.79ms. The trend of the

durations found is shown in Figure 5.

Default durations for short vowels

75,00
70,00
65,00
60,00
55,00 -
50,00 -
45,00 -
40,00

Default Duration

U « |
Short Vowel

Figure5: Intrinsic durationsfor the Urdu short vowels in descending or der



7.1.5. Diphthongs:

The study of default durations for Urdu diphthongs was also a part of the study. Numerous studies
have been done to find the exact number of diphthongs for Urdu. (Sarwar et. a. 2003) and
(Khurshid et. a. 2003) report a detailed analysis done on the Urdu diphthongs, the later goes on
to discuss the existence of trip thongs in Urdu too. For the purpose of the study of default
durations 13 diphthongs were chosen, which were actually an intersection of the diphthongs found
by the two studies. The default values obtained by this study are reported in Table 8 and the trend
isshown in Figure 6.

Table8: Intrinsic durationsfor the Urdu diphthongsin descending order

Duration Duration
Word Diphthong Word Diphthong
(ms) (ms)
g 1a 277,01 o i 232,22
S a8 262.96 & o 227.67
P w4
sl ao 250,12 £ e 227,10
.(:J/ ea 248,05 P’j/ oi 218,08
#( ai 24518 i oe 214,22
20 ae 242,27 Ui ail 189,88
7
Jf/ Si 238,69




Default durations for Urdu diphthongs

290,00
270,00
250,00 -
230,00 + —
210,00 -
190,00 +—
170,00 -
150,00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

IA Ae) Ao eA Ai Ae «i) lu) «i «e oi oe Au)

Default duration

Diphthong

Figure6: Intrinsic durationsfor the Urdu diphthongsin descending or der

The longest diphthong of Urdu was found to be / 1a / with default duration of 277.01ms; and the

smallest diphthong of Urdu was found to be / au’/ having a default duration of 189.88ms. The

average default duration for the diphthongs of Urdu was found to be 236.42ms with a standard
deviation of 22.29ms.

An additional study shown in Appendix B was done. The intuition behind this was based on the
concept that a diphthong is a combination of vowels. The study was done to determine whether
the duration of the diphthong is longer or less than the combined duration of the composing
vowels. The results obtained showed a mixed trend. The idea was that perhaps this method may
be used to determine whether it is a diphthong of the language or just two vowels coming
together. In my personal opinion, the cases where the sum of the two composing vowels was less
than the duration of the diphthong, it did seem like two syllables and not one diphthong to me, but
thisis highly personalized. A detailed study needs to be done on this, which however, definitely is
out of the scope of this study. A study of such sort has been donein (Khurshid et. al. 2003).



7.2. Consonants:

In Urdu there are a total of 43 consonants (Manan.S, et. al. 2001), 37 of which were chosen for

this study. For a discussion on the scope of this study, refer to section 7.1.1. The context for word

finding for consonants was different as that for vowels and is defined in section 7.1.1.

This section reports the results found for Urdu consonants. The results will be presented in

accordance with the manner of articulation, as it allows for a better analysis. Table 9 reports the

results obtained for Urdu stops.

Table9: Intrinsic durationsfor the stopsin Urdu

Intrinsic Durationsfor Stopsin Urdu

Voiced Unvoiced
Consonant  Word  Duration (ms) Consonant  Word  Duration (ms)
b /Lo 90,97 p 14 126,24
d sk 89,70 t Jb 109,57
d (% 63,85 t M 104,93
g L 86,78 k S 119,88
b V) 90,50 p" Al 135,50
d b 88,50 th L4 126,63
dn Ugl? 82,05 & L 98,07
q" v 93,34 K" =, 121,58
q S 126,79




An obvious observation was that the unvoiced stops were longer in duration than the voiced stops.
This observation has been shown in Figure 7. The average difference in duration was 38.24 %.
For unaspirated stops this difference was 40.84% whereas for aspirated stops was 35.64%. For the

sake of completeness of the study the velar stop /q/ was aso included in the study, athough it is
mostly mapped onto /k/ by native Urdu speakers (Nawaz S 2001). According to (Shahid R 2001),

the glottal stop is completely removed from the phonetics of Urdu when it occurs at the location
other than at the start of the word or at the start of the first syllable of the word. The existence of

the glottal stop /?/ has been reported as a vowel in the other cases. Because of it’s existence in

special cases, the glottal stop /?/ was included in this study and the results are shown in Table 9.

Voiced vs Unvoiced Stops

160,00
140,00
120,00
100,00
80,00 ~
60,00 ~
40,00 ~
20,00 ~
0,00

Default duration

bH dH5

g
t k

Stops voiced : unvoiced

ds | d dH | gH

t5 pH | t6H tH kH

Figure 7: Intrinsic durations, voiced stops ver sus unvoiced stops

The average duration for voiced stops was found to be 85.71 ms with a standard deviation of
9.44ms. /q/ and /?/ have not been included in average and standard deviation calculation. In the
case of unvoiced stops, the average duration was found to be 117.80 ms with a standard deviation

of 12.55ms.



Table 10: Intrinsic durations for nasals of Urdu

Nasals
Consonant Word Duration (ms) Consonant Word  Duration (ms)
m gt 79,35 m" Ve 127,54
n s 66,39 nh & 146,50
N JE" 116,39

The results obtained for the nasals of Urdu are shown in Table 10. The results for voiced velar
nasal stop /m/ have been reported along with the nasals. The average default duration for the nasals
was found to be 72.87 ms and that for aspirated nasals was found to be 137.01ms. On average the
default duration of the bilabial nasal /m/ was found to be 16% longer than that of the dental nasal

/n/. The same trend in difference of duration, based on the place of articulation, was observed in

the duration of stops, see Table 9 but there the difference was a minor one. The average
percentage difference between the duration of nasals and aspirated nasals was found to be
37.01%.

The Table 11 reports the results of this study for the fricatives of Urdu. The average duration for
the voiced fricatives was found to be 75.54ms, whereas that for unvoiced fricatives was found to
be 111.60ms. As in the case of consonants, the durations for unvoiced fricatives were found to
longer than those of voiced fricatives and the percentage difference was 49.55 %. This trend is

shown in Figure 8.



Table 11: Intrinsic durationsfor the stopsin Urdu

Fricatives
Voiced Unvoiced
Consonant Word Duration (ms) Consonant Word  Duration (ms)

w T 63,19 f 6 114,30
z ek 76,32 s f” 111,64
3 S 82,11 { (" ¢ 110,68
- sl 80,56 % b 109,75
h S 76,43

Fricatives Voiced vs Unvoiced

S 150,00

w

o {

©

= 50,00 .7 .7 k

>

]

® 0,00

fa)
w z A F
f s S X

Fricatives voiced : unvoiced

Figure8: Intrinsic durations, Voiced fricatives ver sus Unvoiced fricatives

The same trend of unvoiced sounds being longer than voiced sounds was observed in the study of
default durations for affricates. The difference found being 20.33 ms for un-aspirated affricates
and 31.66ms for aspirated affricates. On average, the average default duration for voiced affricates
was 101.74 ms and that for unvoiced affricates was found to be 114.48 ms. The average difference



in duration of voiced versus unvoiced affricates was found to be 21.25%. The results are reported
in Table 12.

Table12: Intrinsic durations, Voiced affricates ver sus Unvoiced affricates

Affricates

Voiced Unvoiced

Consonant  Word  Duration (ms) Consonant  Word  Duration (ms)

ds S 91,58 if il 111,01

ds" gl 98,65

g S 130,32

The results for the trill /t/, flap /c/, lateral /1/ with their aspirated versions and that for the

approximant /j/ are given in Table 13. The words found for the aspirated versions are rarely used

and most of the speakers of Urdu are not even aware of these words, the reason being the rare use
of these aspirated approximants in Urdu as has been reported by (Mazhar S 2001).

Table 13: Intrinsic durations, Approximants

Approximants

Consonant | Word | Duration (ms) Consonant Word Duration (ms)

r J 22,80 i Siles 40,15
r i 32,84 o gl 31,98
| = 70,65 I A 89,53

i ok 80,21




8. Results and Discussion: Durational Effects Study

It was observed that the holes in data (in context to the quasi minimal pairs analysis) for vowels
were approximately three times for vowels as for consonants. As already defined in the literature
review holein the data corresponds to the unavailability of data. Also the word finding process for
vowels was more time taking as there were not sufficient words available. The reason for this
scarcity of words was the strict conditions for word finding for the analysis. For example to study
the effect of stress, the minimal pair is supposed to have the position in word (word final / initial),
position in syllable (open/close), and the aspiration and voicing for the preceding and following
consonant as constant i.e, the same and only the stress had to be different (stressed/unstressed) .
The strictness of the condition was further aggravated by the factor of voicing and aspiration for
the preceding and the following consonant, as on its expansion it increased the cases to 8, 4 of
which were however ignored in the analysis. The cases ignored were when the preceding and the

following consonant had the same value as in the following cases,

VvV

uv uv

aspV aspV
aspUV aspuvVv

Where V stands for voiced, UV for unvoiced and asp for aspirated.

Although an analysis for the missing cases could have been done by having a comparison with the
intrinsic duration values but it would not have been very accurate as the intrinsic duration were
found for vowels in specific context (refer the methodology for intrinsic duration calculation
section 7.1.1) . However such a rough analysis is done in some cases just to have an idea of the
trend. Whenever done, such analysis with intrinsic durations is explicitly mentioned. The results

reported in the tables are however the ones obtained with the quasi minimal pairs analysis.



As is obvious and expected no minimal pair was found for the nasal long vowel /a/ and the

diphthong /a&/. For alook at the discussion over this refer to section 7.2.3. For an in-depth ook

at the trends exhibited by the individual vowels and consonants, the quasi minimal pairs have
been given in the appendix. A study of these gives an idea as to why such a behavior was
exhibited by the phone (as the words have been reported also) and also one gets an idea of the size

of data available for the particular case under study.

8.1. Vowsdls:

8.1.1. Position in word:

Position in word in the case of vowels is defined as the position of the syllable containing the
vowel in the word. For the purpose of this study, since the word length for vowels in restricted to
2 syllables (As defined in the scope), the only possible positions are word initial and word final.

These two positions however suffice to show the trend of the famous word final lengthening.

The factor of position in word was found to be the most prominent among the entire factor set
studied for the vowels. A vowel, if present at the word final boundary, i.e. in the last syllable of
the word, has a length 28.83% longer than if it was present in word initial boundary. The large
value of percentage suggests amost the same results even if the number of syllables were greater

than two. However the exact figure needs to be studied.

Table 14: Percentageincreasein the duration of vowelsin closed syllables

Net % increasein vowel length at word final position (Position in word) 28.83

a u i ;] a =) U I ae

14,97 34,60 - - - 49,78 14,97 28,78




The Table 14 shows the results obtained, the percentage increase for each vowel is shown
graphically in Figure 9.

Percentage increase in vowel duration at word
final position

60,00
50,00 - —
40,00

30,00 -
20,00 +
0,00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

A u i Q A) « U I Ae)

Percentage increase

Figure9: Percentage increase in the duration of vowelsin closed syllables

The individual results obtained show a great variability, however not a single result indicates a
deviation from the general result. The average increase for long vowels was found to be 24.76 %
and that for short vowels was 31.17%. The greatest increase in duration at the word final position

Is shown by the short vowel /o/ which almost 50 %. It can be said that it elongates to become /a/,
the longer version of /o/. This phenomenon of a short vowel lengthening to produce the

corresponding long vowel is very common and is exhibited by many languages. However this

needs to be verified by having a look at the spectrograms which however is out of the scope of

this study. The percentage increase for the short vowel /1/ can also be attributed the same reason,
the corresponding long vowel being /i/, but the case of the short vowel /u/ defies this explanation,

for which aso a corresponding long vowel /u/ exists. Interestingly it is the long vowel /u/ which

has exhibited the greatest increase in duration among the long vowels.



8.1.2. Effect of Stress:

Syllabic stress has notably known to produce longer durations. According to the study on
segmental durations in Institute of Defense Analysis, New Jersey (Thomas, Arthur 1987), it has
been reported that for English stressed vowel is 30 ms greater, while unstressed vowels have an
average of about 40 msless.

The results obtained for the percentage effect of stress on Urdu vowels have been reported in the
Table 15 and the trends exhibited shown graphically in the Figure 10.

Table 15: Percentageincreasein the duration of vowelsin a stressed syllable

Net % increasein vowel length in a stressed syllable 8.90
a u i ® a 9 U I ae
9,01 - 8,06 - - 14,71 -3,13 5,54

Percentage effect of stress on vowel duration
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o 10,00
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Figure 10: Percentage increase in the duration of vowelsin a stressed syllable

The results of this study for the effect of stress on vowel duration showed the same trend, i.e. an
increase in vowel duration in stressed condition. The average percentage increase in vowel
duration under stressed condition was found to be 8.9 %. For long vowels, the increase in duration

was 8.5%, while for short vowels this increase was found to be 5.7 %. The maximum increase was

exhibited by the short vowel /o/. No data was available for the long back high vowel /u/ and the



long front low vowel /a/, the reason being the strict conditions chosen for the analysis as has

aready been discussed.

8.1.3. Effect of voicing:

Peterson and L ehiste (1960) found a tendency for vowels preceded by fricatives to have somewhat
shorter durations than vowels preceded by other consonants. For pre-vocalic voiceless stops, the
interpretation depends on whether to include the aspiration in the vowel or in the consonant. If
included in the vowel, this would have made vowel durations longer after the voiceless stops than
after the consonants. If included in the consonant, voiced stops would have produced the longest
vowel durations. Fischer-Joergensen (1964) also found longer duration for vowels after voiced
stops than for vowels after voiceless stops. Crystal and House (1988) also found, in addition, that
both voiceless stops and voiced stops produce longer vowel durations than any other consonants,
including fricatives. (Santen 1992).

This section investigates the effect of voicing, preceding and following consonant and the effect
of aspiration (preceding consonant only) for Urdu. As already stated in section 7.2.1, in case of
“Following consonant” the aspiration effect was not counted as having as any effect since
aspiration occurs after the burst of a stop (in general it appears after the phoneme itself) and is
assumed to have no effect on the duration of the preceding vowel.

As aready stated/defined in section 7.2.3, the place and manner of the consonants (following and

preceding) were fixed at alveolar, velar and bilabial stops. So the effects reported in the following

sections are basically due to the stops only.

8.1.3.1. Effect of voicing (post-vocalic consonant):

There is unambiguous evidence in the literature that the post-vocalic consonant has effects on
vowel duration. These effects are usually characterised in terms of voicing characteristics, but



there are also indications that they might include manner of production and place of articulation.
(Peterson and Lehiste, 1960; Crystal and House 1988) (Santen 1992).

Table 16: Percentage increasein the duration of vowels when followed by a voiced consonant

Net % increase in vowel length by a following voiced consonant (Post-vocalic 1773
consonant) '
a u i & E 3 v 1 ag
10,43 10,75 24,99 - -10,9 43,68 -10,25 - -

The net effect on vowel duration of a post-vocalic voiced consonant versus a post-vocalic
unvoiced consonant is 17.73 %. Thus this factor, after the factor “position in word” (initial / final),
appears to be the second most prominent factor for vowel duration. This agrees with the pattern
studied for other languages, for example English. The effect of voicing of the post-vocalic
consonant on the duration of the long vowels was found to be 15.39% and that on short vowels

was 7.51%. Interestingly like in the case of word final lengthening (position in word), the highest
change in duration is shown by the short vowel /o/ which is 43.68 % and is close to the 50% in the
case of word final lengthening. The same explanation as was given in the later case can be
deduced by this large change in duration, but in this case the other short vowel /u/ deviates from
this trend. An interesting point to be noted here is that in case of word final lengthening (position
in word) it was also /u/ which defied the trend exhibited by the other short vowels. These results

are shown graphically in Figure 11.



Net effect of Post-vocalic voicing
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Figure 11: Percentageincreasein the duration of vowels when followed by a voiced consonant

An interesting thing to note in the results for this factor is that we have aresult for the nasal vowel

/a/ aso. It is negative as is obvious from Table 16. This is the correct time for a discussion the

results for the nasal vowel /a/, having a look at the quasi minimal pairs for /a/ (Appendix E), we

find only one pair asfollows:

Table 17: Thesingle quasi minimal pair for the nasal vowel /A)/

o ) Duration in ) Per centage
Vowel | Word Minimal pairs Difference )
context increase

g stress | open | UV UV | nonwf 142,63
a -15,57 -10,91
C( stress | open uv v non wf 127,06

As can be noted in both the words, the nasalization is aresult of the following nasal phoneme /n/,
and will be the case every time anasal vowel will be studied as the nasalization of the vowel isthe
result of nasal phoneme. So it is not wrong to say that in this particular case, the study of duration
of vowel is not valid as the study will actually be the effect of the nasal phoneme, not in general of

the post vocalic voiced consonants, as no such words existsin Urdu for analysis.



The result was keep to be presented to give an idea of the cases that turn out in analysis, however
it is not plotted in the Figure 11. This particular problem was spotted out during the word finding

phase but was kept to be reported, so asto give a clearer picture of cases that were dealt with.

8.1.3.2. Effect of voicing (preceding consonant):

The results obtained by this study found the effect of the preceding consonant to be the third most

prominent factor in vowel duration. This factor is the only factor for which the results for the

maximum number of vowels are available with the exception of the back long vowel /a/ and of

course the diphthong /a&/. Also interestingly not a single vowel deviates from the trend. The

results for the study are shown in Table 18 and the Figure 12.

Table 18: Percentageincreasein the duration of vowels when preceded by a voiced consonant

Net % increasein vowel length by a preceding voiced consonant (Pre- 13.89
vocalic consonant) '

a u i ® a ) U I ac
7.35 7.53 22.47 - 8.27 30.55 571 7.72 -
Net effect of pre-vocalic voicing

< 35,00
2 30,00 o
& 25,00
=} _
. T 20,00
& £ 1500
@ 10,00 —
¢ 500 e —
5 ool o
A u i Q A) « U |
Vowel

Figure 12: Percentage increase in the duration of vowels when preceded by a voiced consonant



The average increase in vowel length when preceded by a voiced consonant (stop) is 13.89 %.
The average increase for long vowels was found to 12.45 % and 14.66 % for short vowels. As

observed in all the preceding cases of vowel analysis, the highest change is observed in the

duration of the small vowel /o/ amounting to 30.55 %. The other short vowels exhibit a small
change compared to that of /o/. Among the long vowels, the highest change is exhibited by the
long front high vowel /i/, the other long vowels, /a/ and /u/ exhibit an amost equal change in

duration. The effect on the nasal front back low vowel /a/ was found to be 8.27%.

8.1.4. Effect of aspiration:

Although aspiration has been a topic of keen research and has been studied from many aspects,
my search could not find any documented results for the effect of aspiration on duration. Might be

there has been work done on it and | missed it as my sole medium of search was the internet.

8.1.4.1. Effect of aspiration (voiced consonant):

The result obtained indicates a 1.1% increase in vowel duration if preceded by a voiced aspirated
consonant. Thisis abit strange result as one would expect a greater effect after having known that
effect of voiced pre-vocalic consonant is 13.89 %. Also as mentioned earlier no reference from

literature about the effect of aspiration was found.

Table 19: Percentage increasein the duration of vowels when preceded by a voiced aspirated consonant

Net % increasein vowel length by a preceding aspirated voiced 111
consonant '

a u i ® a ) U I aé

12,72 - - - - 0.27 -9.65




The reason for such a strange result is the scarcity of data. The result reported above in thetableis
not an average of values, rather each of the three values reported come each from a single quasi
minimal pair for each vowel. Obviously one data set cannot be called a representative of the trend

shown by all vowels. The quasi minimal pairs are given is the Appendix 9.4.1.1.

8.1.4.2. Effect of aspiration (unvoiced consonant):

According to the results obtained (reported in Table 20) the effect of aspiration of a preceding
unvoiced vowel is 12.85%. The average effect on long vowels is negative, i.e. -12.11 % but for
the short vowels is pretty prominent and is 29.49%. Also the longest change of 57.14% is

exhibited by the short vowel /1/. Considering these results one can say that aspiration of an
unvoiced consonant has a considerable effect on the duration of short vowels. But again alook at
the quasi minimal pairs reveals that apart from the short vowel /o/ all the other vowels had one

quasi minimal pair each, which is again not arepresentative of a genera trend.

Table 20: Percentageincreasein the duration of vowels when preceded by a voiced aspirated consonant

Net % increasein vowel length by a preceding aspirated unvoiced 1285
consonant '
a u i & a 2 §] I aé
-12,61 -11,62 - - - 18.58 12.76 57.14

The results obtained gave a strange trend which is basically due to the scarcity of quasi minimal
pairs for the aspirated consonants. If considered only the results of voiced aspirated consonants,
one feels atendency to say that aspiration has a very small effect on vowel duration but when the
results of unvoiced aspirated consonants are considered, the results are the contrary. There is
obviously no difference in aspiration rather it be a voiced consonant or be it an unvoiced
consonant (apart from the obvious difference of voicing) and from the basic knowledge of
phonetics we also know that the characteristics of the consonants are carried over the aspiration,

over to the vowels (the formants of the vowels change accordingly). So summing up the effect of



aspiration can said to be 0.55 % (Average for the voiced and unvoiced consonants). But we
cannot, at all, say for definite that thisis the actual effect of aspiration on duration. Perhaps some
other method needs to be employed to find this or for using quasi minimal pairs the range for data

finding would have to enlarged to alow greater data val ues.

8.1.5. Open versus Closed syllables:

In Dutch and Italian vowels in word-internal syllables have found to be longer than when the
syllables were open. The same phenomenon was observed for English vowels (Santen 1992). This
section investigates the effect of position of a vowel in a syllable with context whether it is an

open syllable or a closed syllable for Urdu language.

A quasi minimal pairs analysis was performed for vowels, varying al the context except the
open/close syllable to have generalized results. On average the duration of vowels was 4.28 %
percent longer in closed syllables than in open syllables. This effect however varied over the

vowels, for example for the long back low vowel /a/ the difference in duration was 14.45 %, for
the long back high vowel /u/, it was 11.14 % and for the long front low vowel /ae/ was found to be

19.56 %. No proper minimal set was found for the long front high vowel /i/ but an analysis with

the intrinsic duration verified the same phenomenon as the other long vowels. These quasi
minimal pairs have been shown in Appendix |. However the short vowels did not support this
result very loudly but the general trend was followed. Even though the average value for the short
vowels does not show a great inclination alook at the individual values verifies the trend.

Table 21: Percentageincreasein the duration of vowelsfor vowelsin closed syllables

Net % increasein vowel length in close syllables (Close vs Open) 4.28

a u i ® a ) U 1 aé

14.45 11.14 - 19.56 - -3.82 - -1.52




8.1.6. Net resultsfor Vowels:

It was observed that the maximum increase in majority of the cases was shown by the short vowel

/5. The data for the nasal long vowel /a/ and the diphthong /a&/ was rarely available, rather for /a/
only datafor the study of effect of voicing was available while for the diphthong /a€/ no data sets

could be found. The long vowel /&/ also did not have many data sets available.

Table 22: Net effect of different factorson vowel duration

Preceding | Following | Closed | Pre-ceding | Pre-ceding Word
or
Stress voiced voiced VS voiced unvoiced final
in
consonant | consonant | Open aspirated aspirated
Net %
8,90 12,76 17,68 4,28 1,11 12.85 28,83
Effect

Table 22 reports the net results obtained for different factors for the vowel duration analysis. The
most significant factor in terms of its effect on vowel duration is the position in word (word final /
word initial) and the factor of least significance is position in syllable (closed / open) . Although
according to the Table 22, the effect of pre-ceding voiced aspirated consonant seems to be the
least significant, but the results obtained for the factor of aspiration do not allow making any fina
comment. (See section 9.1.4)

8.2. Consonants:

A point of significance to be noted in the consonant analysis is that unlike vowel analysis the
words are either 2 syllabic or three syllabic, whereas in the case of vowels all the words were
strictly 2 syllabic except for the words for the analysis for number of syllables. Owing to thisfact,
a direct comparison does not exist between the analysis for vowels and consonants. All the other
factors however were the same along with the external factors like speakers, and the methodol ogy

for duration extraction from speech files. The effect of the difference in number of syllables factor



can be eliminated by adding or subtracting the number of syllable factor from the values, however
this is not very important as traditionally vowels and consonants are considered separate entities

and in my opinion the results as they are suffice to exhibit the durational patterns of Urdu.

8.2.1. Position in word:

The factor position in word is defined for consonants as the position of the syllable containing the
consonant in the word, i.e. word initial, word medial or word final. The words for the study of this
factor were either 2 syllabic or 3 syllabic. The use of 4 syllabic words was avoided for two
reasons, firstly Urdu has a very few 4 syllabic words and secondly all the 4 syllabic words found
were the words imported from other languages, mostly English. The use of such words would not
have yielded the true results as they were not truly Urdu words and their pronunciation often
followed the rules of the native language, not Urdu (Or perhaps of none, i.e. neither Urdu nor the

native language as the speakers were native Urdu speakers).

Table 23: Percentage increasein the duration of consonants at word final position

Net % Effect of position in word (Word final vs Non word final) -2,52

m n t d t da" s z tf d3 r r 1

-12,64 | -16,59 | -0,77 | -8,74 |-5,83|-27,30 | 14,09 | 0,09 | -5,27 | 12,06 | 10,67 | -16,76 | -1,40

Table 24 shows the results of the duration analysis for consonants for the case of position in word.
One can deduce by the negative value that consonants do not follow the famous word final
lengthening rule, but the important factor to keep in mind is that 75% of the words in the analysis
had the target consonant as the initial consonant of the word or the onset consonant of the first
syllable. To be exact 52% of the words had the target consonant as the initial letter (consonant) of
the word and 22% had the target consonant as the coda consonant of the first syllable. So the data

set actually gives us the result that the duration of word initial consonants is the longest rather



than the word final consonants. Also the duration of the consonant is longest when it is at the
beginning of the word. For the manifestation of this result refer to the Appendix N.

The results obtained are in accordance to what have been found for other languages. Quené (1999)
showed that in Dutch, not only word initial consonants are longer than word final consonants but
also that lengthening of the initial consonant can serve as a perceptual cue to Dutch word

boundaries.

An explanation of this behaviour from the point of view of phonetics is given in (Patrice 2001)
which saysthat “Ininitial position, the glottal opening gesture for consonant is longer and greater.
Vowels are glotalized or pre-ceded by a glottal stop. Labial muscular activity ininitial consonants
Is greater. The velum is higher in initial ora and nasal consonants. The tongue is higher and

lingua palatal pressure greater in consonants. “(Patrice 2001)

Table 24: Percentage increasein the duration of consonants at word initial position

Net % Effect of position in word (Word initial / Non word initial) 10,49

m n t d t': d" s z tf dz r r 1

r

15,13 | 21,68 | 11,30 | 13,86 | 53,73 | 46,45 | -10,45 | 0,88 | 9,57 | 957 | -5,02| 31,83 | 539

Thus restating the results in terms of the correct factor for the consonants, i.e. word initial position
for consonants, we get the results reported in Table 24 consequentially making this factor the third

most significant factor for consonant duration.

8.2.2. Effect of Stress:

A study done by Thomas H. Crystal in 1987, (Thomas, Arthur 1987), on the effect of stress on
vowe and consonant durations found almost the same trends for both the vowels and consonants.

This study reports and verifies the same trend for Urdu.



The effect of stress on the duration of consonants, like that of vowels was found to be positive
amounting to 7.24 % on average. The average effect on nasals was found to be 3.05 %, 2.18 % on
stops, 32.23 % on aspirated stops and a negative value, i.e. decrease in the case fricatives of -1.21
%, avalue small enough to be considered zero or no effect.

Table 25: Percentageincreasein the duration of consonantsin a stressed syllable

Net % increasein the duration of consonant in a stressed syllable 7,24

m n t d t" dl: s z tf d3 r r 1

s

2,89 | 323 |-1840 | 22,76 | 19,98 | 4460 | 229 | 471 | 818 | 1206 | 1349 | 691 6,16

The quasi minimal pairs analysis done for this factor (stress) is given in appendix K.

8.2.3. Position in syllable:

While a vowel exists as the nucleus of a syllable, consonants can have two positions, coda or
onset. The syllable is believed to consist of an obligatory nucleus preceded by an optiona
consonantal onset and followed by an optional consonantal coda (Kenstowicz, 1994, p. 252). Thus
a consonant is said to be an onset consonant if it occurs at the start of the syllable, i.e. before the
nucleus, whereas a coda consonant occurs after the nucleus or at the end of the syllable. Urdu does
not allow complex onsets (onsets having more than one consonant) to occur, however, complex
codas are allowed. (Ghazali M 2001) (Akram B 2001).

Table 26: Percentage increasein the duration of consonantswhen occurring in coda position

Net % increase in consonant duration (Coda vs Onset) 24,38

m n t d t" d" s z tf d3 r r 1

3

16,86 | 36,50 | 2,98 | 79,83 | -25,92 | -46,30 | -26,83 | 23,83 | 75,53 | 55,47 | 11,34 | -11,30 | 27,37




The results of this study indicate that position of a consonant in a syllable has a very significant
effect on consonant duration. In fact thisis the factor with the highest effect on consonant duration
according to this study. According to the results, a consonant occurring at the coda position is
24.38% longer than a consonant occurring at onset position. The average percentage increase
exhibited by the nasals was 26.68%, 41.41% by the stops, -36.11% by the aspirated stops, and -
1.5% by the fricatives. All the consonants show a positive trend. The negative values for aspirated

stops and the fricative /s/ is well explained by a look at the quasi minimal pairs given in the
Appendix M. For the aspirated stops, in case of /d"/, all the quasi minimal pairs have uni-syllabic

words and this fact on its own explains the results. In case of /t"/, most of the quasi minimal pairs

are uni-syllabic with two two-syllabic quasi minimal pairs. and in these cases, the consonant
under consideration is the word final consonant for the coda position, and the word initial
consonant for the onset position and we have already seen that in case of consonants word initial
consonants are longer than word final consonants (see the section 9.2.2. Position in word for

further details) .So this explains the results obtai ned.

8.2.4. Number of syllables:

As has been reported by literature, number of syllables in a word has a significant effect on
segment duration. A segment in a uni-syllabic word tends to be longer than in a bi-syllabic word.
As has been reported by (Redford A 2003) Segment duration varies with syllable structure,
resulting in word-level duration patterns. These patterns provide important phonetic cues to
syllable and word boundaries in English. Also Syllable position has a significant effect on the
consonant duration in British English (Botiniset. a.).

This section reports the effect of Number of syllables on the duration of Urdu consonants. As was
expected, the number of syllables in aword effect the duration of a consonant considerably. This
factor is the second most significant factor found by this study, with respect to its effect on the

duration of consonants. The net percentage increase in duration exhibited by consonants, when in



a word with lesser syllables was found to be 12.96 %. Almost al the consonants exhibited the
same trend with only one exception of /tf/, which showed a minor negative trend, which can be

considered negligible; however a discussion on the reason will be done in the following
paragraphs. The results of the study, in terms of the net effect and the effect in individual cases are
shown in Table 27.

Table 27: Percentage increasein the duration of consonants depending upon number of syllables

Net % increasein consonant duration (No. of syllables) 12,96

m n t d t" ar s z tf d3 r r 1

s

Net | 13,76 | 13,75 | 7,13 | 18,62 | 41,64 | 1590 | 24,85 | 8,17 | -1,42 | 3,32 | 10,25 | 6,07 | 12,90

1vs2| 2303|1599 | -7,33 | 18,11 | 54,62 | 20,67 | 20,07 | 4,03 1583 10,61 | 9,61 | 8,02 | 25,09

2vs3| 12,40 | 12,06 | 17,66 | -0,65 | 11,47 | 19,07 | 15,33 | 19,08 | 10,11 | -4,16 | 6,01 | 17,11 | -0,01

1vs3| 695 | 12,06 | 9,41 | 43,08 | 70,29 | -4,76 | 43,89 | -5,86 | 10,11 | 7,20 | 16,82 | -9,94 | 18,77

The net effect for nasals was found to be 13.75 %, 12.9 % for stops, 28.8 % for aspirated stops
and 16.51% for fricatives. The highest increase in duration was exhibited by aspirated stops, while

the lowest (with exception of /tf/) was exhibited by the approximant /j/. These trends are shown

graphically in figure 13.
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Figure 13: Percentage increase in the duration of consonants depending upon number of syllables

Exploring the quasi minimal pairs (given in appendix O), for the negative value for /tf/, it was
found that it was mainly due to two reasons. Firstly the factor of word initial lengthening for
consonants (section 9.2.2. Position in word) and for al the remaining cases, one of the words was
either an imported word (words imported/adapted from other languages) or was rarely used in
everyday language. For a discussion on the first case (see section 9.2.2.Position in word), whereas

in case of words rarely used in everyday life, the speakers generally tend to elongate the words.

8.2.5. Open versus Closed syllables:

A quasi minimal pairs analysis was performed for consonants in the same manner as for the
vowels, varying all the context except the open/close syllable to have generalized results. The
trend of result obtained for the consonants was much similar to that for vowels i.e. that the
duration of consonants was longer in closed syllables than in open syllables. The percentage
difference in duration in closed syllables on average was 2.07 % for consonants as compared to

vowels which was 4.28 %. This change is however not generalized over al manners of

articulation as is obvious from the Table 23 that the trill /t/, the retroflex /c/ shows a negative

value. The negative value for the approximant /tf/ is negligible and we can easily conclude that it



Is unaffected by its position in syllable, whether open or close. The final results are shown in table

23 and the detailed quasi minimal pairs analysisis givenin Appendix N.

Table 28: Percentage increasein the duration of consonantsin closed syllables

Net % increase in consonant duration (Close vs Open syllable) 2,07

m n t d t': d': s zZ tf d3 r r 1

24,35 | -11,89 | 50,94 | -12,43| 0,44 | -12,88 | 0,50 | -0,07 | -0,07 | 3,89 | -4,18 | -5,95 | 10,67

The average difference in duration for the nasals was found to be 6.23 %, to put in other words,
the nasals exhibited an increase in duration of about 6.23 % when they occurred in closed
syllables as compared to open syllables. For the stops /t/ and /d/ chosen for the analysis this
difference was 19.26 %. In case of the aspirated stops /th2/ and /dh2/, a negative value of -6.22 %
was found, the major contribution in this negative value being that of /dh2/ as /th2/ showed a
positive trend. However an in-depth look at the quasi minimal pairs for the two aspirated stops

reveals one out of three positive values for both (refer Appendix N).

8.2.6. Net Resultsfor Consonants;

In general the highest increase for all factors was shown by the aspirated stops with the exception
of the factor position in syllable (onset versus coda), in which case the highest increase was shown
by the stops.

Table 29: Net effect of different factorson consonant duration

Position in word Position in Open/
o Number of
Stress | (Word initial vs | syllable (Onset / Close
o syllables
Non word initial Coda) syllable

% increase 7,24 10,49 24,38 3,42 12,96




Table 29 reports the net results obtained for different factors for the consonant duration analysis.
The most significant factor in terms of its effect on consonant duration is the position in syllable
(Onset / Coda) and the factor of least significance is position in syllable (closed / open). The
factor of least significance was found to be the same for both vowels and consonants. In terms of
the factor position in word (word final / word initial) for vowels the most significant position in
terms of greatest increase in duration was found to the word final position, the converse was found
for consonants, i.e. the position of the greatest significance in terms of the greatest increase in

duration was the word initial position.

9. M odeling with the Sum of Products M odel (SOP):

Sum-of-products models are actually characterized as variants of the analysis of variance model
where interaction terms are assumed to be products of single-factor scales and where the

assumption that main effects and interaction terms have zero sumsis dropped (Santen 1993).

As dready discussed in the “literature review” and the “properties of segmental data” section that
ordinal structure characterised by single-factor independence and amplificatory violations of joint
independence is common in segmental duration data, so the model should be capable to fully capture
these properties. Sum-of-products models can capture this important ordina structure in a natura
manner.When all scales are non-negative and the values of all scales for the same scale are ordered the
same way, then single-factor independence automatically follows. A point of theortetical interest is
that sums-of-products models are related to and in most respects generalize, several existing models. It

is not surprising that Klatt’s duration model is also a sum-of-products model.(Santen 1993)



9.1. Model for Vowels:

The sum-of-products model used for vowels is based on the Klatts’ model adding the manner of stress
and the type of syllable containing the vowel (open/close). The model used for vowels as reported in
(Febrer, A. et. a.) and used is

D(v.ac,p.s) = S1a(v) + S21(v,8) + S3a(V) S32(p) Ss3(C) S34(9)

where

v =Vowe identity,

a = Stress (stressed, unstressed),

p = Position in word (word final/ word initial),

¢ = Class of post-vocalic phone ( voiced, voiceless),
and s = Syllable type (Open/Close).

The parameters used for modelling had been obtained during the study of durational behavior of Urdu

vowels and consonants. The model parameters used are shown in the table 30 below:

Table 30: Parameters of sum-of-products model for vowels

Vowel Si1 Soa S S S33 Sia
a 125.44 9.01 2.37 0.90 0.63 0.87
u 126.57 8.90 5.12 0.34 0.10 0.11
i 111.58 8.06 2.22 1.73 0.24 0.26
® 132.27 8.90 5.28 1.73 1.06 0.19
] 69.59 14.71 0.83 0.49 0.43 3.82
U 70.39 3.13 4.60 0.14 0.10 0.26
I 56.59 5.54 1.75 0.28 1.06 1.52




For the cases of missing parameter of any vowel, the respective value of that factor from the combined
effect has been used. But since the missing parameter values were because of the holes in data, which
in turn depicts the scarcity of the particular feature in the particular vowel in Urdu language, so
experimentation with the values has shown that using half the value of combined effect gives better

results.

The duration prediction done with the SOP model for Urdu gives very satisfactory results, where each
time the value predicted by the model fals in the acceptable range of values of actual speech. The

complete results for each vowel arein given in Appendix P.

9.1.1. The statistical analysis of the SOP model for vowels:

The precision of the SOP model used for vowels was verified employing the standard statistical
method, the analysis of variance. A summary of the results as illustrated by ANOVA is given in the
table 31, the respective ANOVA tables have been reported in the appendix Q. The data for the
duration of each word corresponding the seven vowels as spoken by six different speakers and the
duration value of the same word as predicted by the SOP model was analysed by analysis of variance.
The results in table 31 do not show any significant difference when compared to the F crit value ,
which clearly indicates that the SOP model successfully predicts reliable values of duration.

Table 31: ANOVA resultsfor vowels

?/(;L:ir;:t(iaoonf SS df MS F P-value | F crit
a 4840.97 5.00 968.19 | 4.63 0.00 2.30
u 2660.48 5.00 532.10 | 1.91 0.11 2.37
i 2045.79 5.00 409.16 1.67 0.16 241
ac 159.16 5.00 31.83 0.07 1.00 2.62
3 1773.14 5.00 354.63 | 2.82 0.02 2.28
U 2297.82 5.00 459.56 | 6.07 0.00 2.30
I 698.35 5.00 139.67 | 2.66 0.03 2.34




9.2. Model for Consonants:

Because of the differnce in nature of vowels and consonants, differenrt Sum of Products (SOP) models

need to be used for consonants (Febrer, A. et. al.). The sum-of-products model used for consonantsis

D(c.ap,r) =S11(c) + $21(c,a) + S1(C) Sz2(p) Ss3(r)

where

¢ = Consonant identity,

a = Stress (stressed, unstressed),

p = Position in word (word final/ word initial),
and r = Position in syllable (Onset/Coda).

The respective parameter values for consonants are given below in table 32:

Table 32: Parameters of sum-of-products model for consonants

Consonant Si11 S Sa1 S Sz
m 89.35 2.89 1.43 0.91 1.01
n 86.41 3.23 2.86 1.30 2.19
t 16.68 18.40 12.61 0.68 0.18
d 20.02 22.76 6.26 0.83 4.79
t': 49.38 19.98 11.04 3.22 1.56
dl: 56.70 44.60 4.54 2.79 2.78
S 92.94 2.29 2.67 0.63 1.61
z 65.14 471 1.60 0.05 1.43
tf 50.70 8.18 8.74 0.57 4.53
dz 38.57 12.06 7.57 0.57 3.33
r 41.23 13.49 2.63 0.30 0.68
r 31.66 6.91 0.17 1.91 0.68




1 ‘ 76.71 ‘ 6.16 ‘ 0.87 ‘ 0.32 ’ 1.64

The results obtained using this model were also very satisfactory and most of the timelied in the
range of acceptable values of the duration of the consonant. The detailed results for each

consonant can be seen in Appendix Q.

9.2.1. The statistical analysis of the SOP model for consonants:

To verify the correctness of the SOP model, the ANOVA was applied on the data of the
durations predicted by the SOP model and the average durations of each word representing the
corresponding consonant as spoken by six different speakers. The results obtained from the
analysis as given in the table 33 below show the reliable predictability of consonant duration by
the SOP model as no significant difference is observed between the F and F crit values.

Table 33: ANOVA resultsfor consonants

%‘;‘ﬂ{gﬁo‘r’f ss | df | Ms F |P-value| Fcrit
m 494.70 |5.00| 98.94 | 1.37 | 0.26 | 2.53
t 1070.04 |5.00 | 214.01 | 1.07 | 0.40 | 2.53
¢ 1208.90 |5.00| 241.78 | 0.79 | 0.57 | 2.53
s 611.87 |5.00| 122.37 | 0.94 | 0.47 | 2.53

tf 6413.42 15.00|1282.68| 7.90 | 0.00 | 2.53

r 2084.42 15.00| 416.88 | 3.11 | 0.02 2.53
r 3694.20 |5.00| 738.84 | 0.80 | 0.59 | 4.39
n 326.49 |5.00| 65.30 | 0.67 | 0.65 2.53
d 879.68 |5.00| 175.94 | 0.77 | 0.58 2.53

a" 1588.00 |5.00| 317.60 | 0.87 | 0.52 | 2.77

y/ 586.80 [5.00| 117.36 | 2.54 | 0.05 2.53




d3z 432.74 |5.00| 86.55 | 0.80 | 0.56 2.53

1 188.30 |5.00| 37.66 | 0.54 | 0.74 2.53

The complete tables of the ANOVA analysis for the individual consonants are given in the appendix
R.

10. FutureWork:

Though this study provides a comprehensive durational study and the duration model for Urdu,
but the results are only confined to word level, thus leaving further great ventures to be made in
this domain specially at the sentence level. A comprehensive analysis of the language needs to be
done using standard sentence corpora and using enough repetitions to capture the durational
aptitudes of the segments of Urdu at phrase level. More possible studies involve study of phrase
final lengthening, percentage change in word final lengthen for words greater than 2 syllables.
When studying the effect of post and pre vocalic consonant, further levels like manner and place

of articulation can be studied. Effect of manner and place for consonants also needs to studied.
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12. APPENDICES

Appendix A: Average Intrinsic Durations

Average duration values for intrinsic duration calculation ( Each value for each speaker is an
average of 24 duration values )

%

Phone| Word Awais | Shakeel | Raheel | Irfan SS | Farooq Avg |stddv Deviation

b | ol | 868910038 | 83,99 | 9363 | 90,42 | 90,54 | | 90,97 | 2,58 | 2,84

m | el | 7925 | 84,07 | 69,39 | 81,66 | 77,57 | 84,20 | | 79,35 | 554 | 6,98

{ LB |10668| 10561 | 113,58 | 10614 | 108,62| "'>% | | 100,57 | 884 | 807

d | nle [10480] 91,70 | 7323 | 9825 | 89,91 | 80,34 | | 89,70 | 2,05 | 2,29

d Oﬁ_’;\...., 89,78 | 86,52 | 81,02 | 88,15 | 85,77 | 99,74 | | 88,50 | 7,79 | 8,80

n | s | 7057 | 6108 | 66,16 | 6582 | 6593 | 68,77 | | 66,39 | 418 | 6,30

¢ S5 |10820| 9685 | 96558 | 102,52 | 100,54 1288 | 1104,93| 744 | 709
: 108,6

K JS)) 120,16 | 130,44 | 113,37 12530 | 121,32 | *°0° | | 119.88| 487 | 4,06

Vs

g ;Lu 9231 | 9572 | 74,09 | 94,01 | 87,37 | 77,19 | | 86,78 | 2,63 | 3,03
<.7 138,1

" ‘;S.;l 113,76 | 115,25 |105,23| 114,50 | 111,41 | 30 | 111639 | 952 | 8,18

a | J3le |12626| 11508 |12063| 120,67 |12365| 2454 | |12679| 5,74 | 452

£ | 2K | ess1| 12589 |116,10|110,35 112,26 1254 | 111430| 349 | 306

w | s8 | 5568 | 6696 | 6099 | 61,32 | 61,21 | 73,00 | | 63,19 | 6,00 | 9,50
112,3

s | peese |10495) 12745 | 9856 |11620| 11032 | V07| 11164 233 | 209
. 118,1

[ V“Lf 100,35 | 117,83 | 109,44 | 109,09 109,21 | “*>* | |110,68| 424 | 3,83

v | Jals |10539] 11063 101,77 | 108,01 | 105,93 | 257 | |109,75| 6,75 | 6,15

9




h | Jolo | 7135 | 8656 | 7414 | 78,95 | 77,35 | 70,22 | | 76,43 | 10,30 | 13,50
a5 | Jo& |o0472| 8846 | 9024 | 9159 | 91,14 | 9334 | | 9158 | 4,40 | 4,80
1| Sl | 6442 | 7203 | 7788 | 6867 | 7174 | 6828 | | 7065 | 502 | 711
p | b |12071| 13517 |11074| 128,44 | 122554| 1388 | 112624 | 742 | 588
v |y 158,0
o | 3els |147.68| 10880 13845 128.28|131,67| 200 | |13550| - :
h 104,3
B | s> | 87.68 | 8425 | 9261 | 8596 | 8818 | 07 | | 0050 | - :
mh | ge |11040| 127,20 |10362|11885 113,77 | - | |12754 - :
o P
¢ | S |11477| 11480 | 136,06 | 114,83 | 121,01 73| l12663| - .
bY
d Jo | 6458 | 59,34 | 70,98 | 61,96 | 64,97 | 61,29 | | 63,85 | 4,64 | 7,26
0| Sgw | 806 | 9440 |10135| o201 | 9512 | 1150 | ego7 | - :
& | Jads> | 6187 | 9404 | 7355 | 77,95 | 76,49 | 100 | | 8205 | 1368 | 16,67
vl 121,2
k > 113,00 | 122,71 |130,82| 118,31 | 12248 | 1% | 12158 | 9,05 | 7,44
[ 1159
o | 3> | 8192 | 9044 | 8372 | 9068 | 8836 | 1150 | e3za | - :
z rjﬁ 7248 | 80,35 | 72,21 | 76,42 | 75,01 | 8145 | | 76,32 | 7,14 | 9,36
¥ J.c\..a - - | 7786 | - - | 8325|8056 | - -
L, 111,2
§ | o->le [10511| 121,05 [109,14|113,08|111,77 | 7207 | 111191 6,90 | 6,17
¢ | Jeob |12873] 10550 [137,00 117,16 | 123,81 | 1975 | 130,82 | 11,87 | 872
b 120,3
ds" | 4>l |10837| 8800 | 8366 | 9810 | 9334 | 23| | 0865 | 575 | 583
v | s> | 2211 | 27,75 | 10,30 | 2493 | 23,05 | 1967 | | 2280 | 6,31 | 27,69
Vi
e | J3S | 4036 | 3081 | 3015 | 35,50 | 3377 | 2638 | | 3284 | - :
" Q.Qj; 2541 | 2519 | 50,37 | 25,30 | 3366 | - || 3198 | - :




j i 88,74 | - | 8874|7169 8021 - :
b 91,80 90,14 | 89,31 | 89,59 | - 89,53 | - :
nb 84,81 180,37 | 134,18 | 14958 | - | |14650| - :
5 64,70 79,06 | 79,26 | 79,19 | 96,63 | | 82,11 | 9,01 | 10,97
o 30,78 23,76 | 46,11 | 38,66 | - 4015 | - :
? : 10206 - |10216| %t | 10218 - :
a 120,21 139,54 | 120,30 | 126,77 | "0 | |12307| 166 | 1,35
0 118,94 87,45 117,21 107,20 | 929 | 108,21 | 1296 | 1198
i 112,58 103,33 | 114,54 | 110,80 | 98,40 | | 109,36 | 3,19 | 2,92
u 142,07 116,14 | 130,32 | 125,59 | 96,00 | |121,45| 7,50 | 6,18
5 155,01 128,34 | 134,56 | 13248 | 1007 | | 12757 - :
& 141,11 127,80 | 133,87 | 131,85 |~ | |126,99| 4,79 | 3,77
e |tekaKs|111,73 100,62 | 116,76 | 114,38 | 0 | |112.94| 342 | 3,03
5 56,07 69,22 | 69,72 | 69,55 | 64,67 | | 68,76 | 564 | 8,19
! 50,32 52,35 | 58,12 | 56,19 | 46,13 | | 54,84 | 4,48 | 8,17
5 66,89 54,30 | 76,16 | 68,87 | 43,09 | | 65,79 | 6,42 | 976
a 211,70 152,48 | 211,91 | 192,10 | *%> | 1202,30| 30,76 | 15,20
5 268,39 196,68 | 236,92 | 223,51 2381'4 227,07| - :
i 268,18 213,78 | 240,50 | 23159 | °%7 | | 22930 - :
i 224,71 193,92 | 221,87 | 212,56 | 730 | | 207.63| - :




& | n |18835| 21364 |171,06|20099|191,02| 220 | 10768/ 37,38 | 1891
_ 181,3
& Y 224,42 | 206,24 | 16554 | 215,33|198,73| *°, 198,60 | 12,01 | 6,05
. 173,8
1 s 266,37 | 231,53 | 18557 | 248,95 | 227,82 | ¢ 222,35| 10,12 | 4,55
é 241,0
e 234,96 | 220,94 | 224,75 | 227,95 | 226,88 | 7, 229,42 | 2,18 0,95
; 243,6
e 65 245,40 | 225,27 | 206,31 | 235,33 | 225,66 | <] 230,26 | 4,28 1,86
AR 248,9
ao 5 235,62 | 254,42 | 264,37 |245,02| 251,47 | ) 249,97 | 7,50 3,00
, W 264,4
ai ) 238,39 | 242,81 | 257,97 | 240,60 | 246,39 | “ ¢ 248,44 | 12,59 | 5,07
: \3 256,9
ae i 21513 | 252,25 | 266,22 | 233,69 | 244,53 | =/ 244,79 26,97 | 11,02
< 259,1
ea \S 264,76 | 250,71 | 221,04 | 257,73 | 245,50 | 7" 249,81 | 9,09 3,64
. 5 241,4
oi 3 202,06 | 227,44 | 227,39 | 214,75 | 218,96 |~ 222,01|43,98| 19,81
_ . 271,0
aé u.“u\.é 267,17 | 259,15 | 262,38 | 263,16 | 262,90 | ~' ] 264,29 | 12,75 | 4,83
s 229.8
oe L)QS 216,89 | 206,70 | 221,00 | 211,79 | 214,86 “*/ 216,85| 10,56 | 4,87
4 338,1
si u«S 270,58 | 231,68 | 203,99 | 251,13 | 23541 | ~°_’ 255,15 - -
1a \S  |28688| 26715 | - |277.01| 27701 222'0 263.77| - ;
3 Lé 266,7
ail 0 224,85| 199,00 | 128,41|211,92| 184,08 | ) 202,49 | - -
Appendix B: Diphthong Study
I ndependant
Diphthong Icrjldepgndar;t duration of dded
Word and its .urat|ono_ second A . Pgrcentage
d . first vowel in . duration difference
uration diohthon vowel in
P 9 diphthong
U}S 10 1 i1 1 plusi




232,22 56,59 214,50 271,09 16,74

é oe e} e opluse
227,10 69,59 114,87 184,46 -18,78

U }S 1t 1 a 1 plusi
232,22 56,59 214,50 271,09 16,74

é oe ) e apluse
227,10 69,59 114,87 184,46 -18,78

é b ai a i aplusi
245,18 125,44 111,58 237,02 -3,33

2 \3 ae a e apluse
242,27 125,44 114,87 240,31 -0,81

—

Lg ea e a eplusa
248,05 114,87 125,44 240,31 -3,12

é ; oi o i o plus i




218,08 111,58 111,58 223,16 2,33

u-\f \.@g ag a € a plus &
262,96 125,44 202,19 327,63 24,60

p ).Qg oe 0 e opluse
214,22 111,58 114,87 226,45 5,71

—

u‘.’g Si ) i o plusi
238,69 69,59 233,45 303,03 26,96

(kl a) \S 1a I a 1plus a
277,01 56,59 125,44 182,03 -34,29

us \4{ ail a i aplus i
189,88 125,44 214,50 339,94 79,02




Appendix C: Average Durationsfor Vowels

Average duration values (in ms) for vowel duration analysis ( Each value for each
speaker is an average of 24 duration values)

Word | Vowe Nakhat | Rahed | Shanza| Awais | Kiran | Farooq | | Average | Std dev
L?;S u 114,65 | 64,50 | 114,65 | 89,58 | 85,31 | 87,21 92,65 | 19,25

a 129,06 | 128,89 | 129,06 | 128,98 | 141,82 | 139,31 | | 132,85 | 6,02

wils a 112,55 | 106,81 | 112,55 | 109,68 | 99,93 | 102,75 | | 107,38 | 5,22
I 59,76 | 44,59 | 59,76 | 52,18 | 61,67 | 73,77 58,62 | 9,79

,SS i 101,70 | 75,32 | 101,70 | 88,51 | 75,30 | 72,67 85,87 | 13,46
(¥ a 132,39 | 129,52 | 132,39 | 130,96 | 171,03 | 159,47 | | 142,63 | 17,93

)_.s U 48,83 | 43,51 | 48,83 | 46,17 | 44,56 | 36,24 4469 | 4,68

Jsd ) 63,32 | 44,52 | 63,32 | 53,92 | 56,82 | 35,64 52,92 | 10,97

Jaw @ 92,28 | 115,44 | 92,28 |103,86 | 113,70 | 93,90 101,91 | 10,73
JSU a 133,47 | 131,11 | 133,47 | 132,29 | 134,17 | 109,26 | | 128,96 | 9,71
LS a 137,28 | 120,16 | 137,28 | 128,72 | 129,29 | 109,63 | | 127,06 | 10,66

0.S ° 67,88 | 59,30 | 67,88 | 63,59 | 71,27 | 51,79 63,62 | 7,12

a 134,34 | 120,09 | 134,34 | 127,22 | 183,57 | 132,19 | | 138,62 | 22,68

IY I 55,13 | 60,37 | 55,13 | 57,75 | 67,78 | 46,61 57,13 | 6,97

S13 a 126,92 | 116,37 | 126,92 | 121,65 | 127,35 | 108,83 | | 121,34 | 7,48

SIVAY i 115,42 | 90,34 | 115,42 | 102,88 | 100,73 | 106,18 | | 105,16 | 9,55
HS a 161,65 | 127,94 | 161,65 | 144,79 | 183,91 | 146,60 | | 154,42 | 19,13

Us.u U 61,72 | 56,14 | 61,72 | 58,93 | 59,69 | 33,44 55,27 | 10,89
=5 ° 84,48 | 66,35 | 84,48 | 75,42 | 81,58 | 69,91 77,04 | 7,74

Spiu ) 62,28 | 66,26 | 62,28 | 64,27 | 68,65 | 60,22 63,99 | 3,07
® 105,51 | 116,21 | 105,51 | 110,86 | 113,39 | 102,07 | | 108,92 | 5,42

P$4] I 53,96 | 46,74 | 53,96 | 50,35 | 54,82 | 51,72 51,93 | 3,04

ug,_ggz u 126,18 | 102,63 | 126,18 | 114,41 | 96,33 | 109,50 | | 112,54 | 12,21
L*JSS u 105,45 | 85,72 | 105,45 | 95,59 |107,50|118,09 | | 102,97 | 11,08
Lsls a 118,55 | 118,90 | 118,55 | 118,73 | 149,79 | 149,69 | | 129,04 | 16,04

RS U 47,56 | 45,90 | 47,56 | 46,73 | 46,94 | 32,78 4458 | 581

1555 ) 46,41 | 57,48 | 46,41 | 51,95 | 52,91 | 39,13 49,05 | 6,43

Lus I 38,97 | 33,58 | 38,97 | 36,28 | 47,30 | 30,70 37,63 | 572

RS, ) 51,42 | 45,43 | 51,42 | 48,43 | 51,77 | 40,60 48,18 | 4,45
LSS I 50,82 | 36,16 | 50,82 | 43,49 | 58,55 | 37,81 46,28 | 8,65

3Sg0 ° 71,13 | 63,97 | 71,13 | 67,55 | 96,35 | 72,28 73,73 | 11,50
wiSo ) 60,54 | 55,36 | 60,54 | 57,95 | 63,04 | 64,37 60,30 | 3,29
S i 123,63 | 119,17 | 123,63 | 121,40 | 128,78 | 141,45 | | 126,34 | 8,06
oSy ) 73,38 | 69,74 | 73,38 | 71,56 | 89,29 | 68,42 7430 | 7,61
<ol I 56,79 | 59,67 | 56,79 | 58,23 | 72,28 | 76,39 63,36 | 8,67




Sud ® 152,17 | 142,50 | 152,17 | 147,33 | 186,49 | 148,74 | | 154,90 | 15,89

Sls U 55,19 | 55,30 | 55,19 | 55,25 | 76,40 | 40,77 56,35 | 11,40
S 94;; u 98,29 | 63,44 | 98,29 | 80,86 | 77,16 | 73,27 81,88 | 13,97
U LS a 104,02 | 93,39 104,02 | 98,71 | 86,08 | 76,81 93,84 | 10,79
Loy S 62,88 | 62,64 | 62,88 | 62,76 | 69,09 | 49,10 61,56 | 6,61

Lo, I 65,14 | 57,96 | 65,14 | 61,55 | 73,84 | 47,35 61,83 | 884

ls.;} U 59,03 | 41,87 | 59,03 | 50,45 | 63,16 | 40,16 52,28 | 9,68

Se5 S 78,54 | 58,78 | 78,54 | 68,66 | 78,74 | 48,60 68,64 | 12,63

oslpS> | aE 285,67 | 227,73 | 285,67 | 256,70 | 251,68 | 282,80 | | 265,04 | 23,69
LS, i 77,16 | 78,75 | 77,16 | 77,96 | 103,29 | 90,92 84,21 | 10,75
b.ngi U 4565 | 52,46 | 45,65 | 49,05 | 53,36 | 55,42 50,26 | 4,13
Kaps S 60,76 | 46,45 | 60,76 | 53,61 | 53,90 | 42,36 52,97 | 7,45

Kxp, I 68,11 | 41,25 | 68,11 | 54,68 | 74,13 | 48,53 59,14 | 12,95

Slps ° 80,63 | 50,03 | 80,63 | 65,33 | 56,65 | 46,61 63,31 | 14,86
SpsS S 78,60 | 70,91 | 78,60 | 74,76 | 91,10 | 54,97 74,82 | 11,86
Slos a 115,89 | 122,83 | 115,89 | 119,36 | 100,42 | 71,48 107,65 | 19,31
ng% U 68,09 | 52,20 | 68,09 | 60,14 | 61,43 | 57,11 61,18 | 6,22

759 ° 80,19 | 69,87 | 80,19 | 75,03 | 86,55 | 69,16 76,83 | 6,75
19588 S 92,06 | 57,73 | 92,06 | 74,90 | 87,59 | 74,03 79,73 | 13,46
ysa, U 59,78 | 56,05 | 59,78 | 57,92 | 74,86 | 37,01 57,57 | 12,12
W, pS 5 64,77 | 57,02 | 64,77 | 60,89 | 81,41 | 55,58 64,07 | 9,31
)lsml U 70,65 | 65,24 | 70,65 | 67,95 | 79,34 | 76,76 71,76 | 5,33
oSIS a 125,78 | 115,36 | 125,78 | 120,57 | 121,12 | 100,85 | | 118,24 | 9,36

u 101,31 | 74,80 | 101,31 | 88,06 | 97,93 | 87,49 91,82 | 10,39

wils i 102,67 | 99,27 | 102,67 | 100,97 | 81,37 | 119,54 | | 101,08 | 12,15
SL a 126,62 | 118,57 | 126,62 | 122,60 | 99,52 | 108,65 | | 117,10 | 10,90

i 118,18 | 112,10 | 118,18 | 115,14 | 156,59 | 159,61 | | 129,97 | 21,93

)lsJ U 51,86 | 35,86 | 51,86 | 43,86 | 51,28 | 28,81 60,39 | 33,53

oSy I 50,29 | 47,25 | 50,29 | 48,77 | 44,01 | 33,44 45,67 | 6,44
Sl ° 40,49 | 29,26 | 40,49 | 34,88 | 43,49 | 41,28 38,31 | 5,27

ugi,s u 144,69 | 104,24 | 144,69 | 124,47 | 167,71 | 145,75 | | 138,59 | 21,69
SlSg) a 158,61 | 150,92 | 158,61 | 154,76 | 203,03 | 200,64 | | 171,09 | 23,99
)s% U 53,75 | 51,84 | 53,75 | 52,80 | 45,89 | 40,76 49,80 | 5,32

gs_q;_j_' S 79,71 | 70,58 | 79,71 | 75,15 | 87,09 | 78,42 78,44 | 5,49
oSy | = 98,55 | 67,70 | 98,55 | 83,12 | 99,40 | 71,20 86,42 | 14,53
L;gsl U 53,99 | 48,30 | 53,99 | 51,14 | 57,20 | 39,88 50,75 | 6,11
o I 46,39 | 67,54 | 46,39 | 56,97 | 54,06 | 48,57 53,32 | 8,18

Ko a 120,45 | 104,37 | 120,45 | 112,41 | 145,15 | 135,54 | | 123,06 | 14,97

S ° 58,38 | 57,74 | 58,38 | 58,06 | 66,43 | 69,54 61,42 | 5,18
Slig, a 117,06 | 123,31 | 117,06 | 120,19 | 182,39 | 183,33 | | 140,56 | 32,85
ogjb a 129,95 | 126,09 | 129,95 | 128,02 | 107,63 | 120,26 | | 123,65 | 8,63




u 125,03 | 116,21 | 125,03 | 120,62 | 153,84 | 137,58 | | 129,72 | 13,80
LYy 5 57,17 | 53,26 | 57,17 | 55,22 | 63,47 | 49,47 | | 5596 | 4,68
LIS | « 108,67 | 118,83 | 108,67 | 113,75 | 123,18 110,96 | | 114,01 | 5,90
olss | v 46,21 | 51,06 | 46,21 | 48,64 | 47,64 | 4621 | | 47,66 | 194
eSS | o 54,01 | 35,61 | 54,01 | 44,81 | 6544 | 47,02 | | 50,15 | 10,13
S | 1 42,67 | 47,81 | 42,67 | 45,24 | 61,35 | 5545 | | 49,20 | 7,61
Jlos | i 103,87 | 88,84 103,87 | 96,35 | 58,04 | 82,10 | | 88,85 | 17,33
Syls | a 128,83 120,07 | 128,83 | 124,45 | 133,36 | 123,95 | | 126,58 | 4,69
e | o 63,55 | 55,19 | 63,55 | 59,37 | 79,21 | 47,55 | | 61,40 | 10,59
_sptu | ® | |120,70|133,27|120,70 |126,98 | 141,74|138,01 | | 130,23 | 8,88
| x5 1 62,27 | 50,26 | 62,27 | 56,26 | 61,10 | 56,13 | | 58,05 | 4,74

915 5 54,25 | 53,97 | 54,25 | 54,11 | 64,91 | 52,55 | | 55,67 | 4,57
u 121,44 | 95,18 | 121,44 108,31 125,11 | 128,59 | | 116,68 | 12,57

15,5 U 42,63 | 46,96 | 42,63 | 44,80 | 47,72 | 40,66 | | 44,23 | 2,75

Splb | a 131,30 | 130,02 | 131,30 | 130,66 | 140,59 | 135,68 | | 133,26 | 4,11
weiSo | u 141,24 | 115,45 | 141,24 | 128,35 | 154,43 | 139,86 | | 136,76 | 13,32
55, | wu 143,05 | 137,68 | 143,05 | 140,37 | 162,80 | 193,96 | | 153,48 | 21,75
539 | v 48,94 | 36,85 | 48,94 | 42,89 | 50,83 | 53,10 | | 46,92 | 599
S5 i 105,64 | 70,32 | 105,64 | 87,98 | 60,98 | 11532 | | 90,98 | 21,72
LSps | 67,46 | 5357 | 67,46 | 60,51 | 52,93 | 54,22 | | 59,36 | 6,84
Y 5 61,92 | 46,65 | 61,92 | 54,29 | 67,50 | 53,66 | | 57,66 | 7,50
LS | a 124,08 | 122,03 | 124,08 | 123,05 | 146,57 | 141,67 | | 130,25 | 10,89
oS | i 132,43 | 105,58 | 132,43 | 119,00 | 121,43 | 141,58 | | 125,41 | 12,73
155 | o 59,01 | 37,01 | 59,01 | 48,01 | 57,02 | 50,14 | | 51,70 | 857
155 | o 60,03 | 60,84 | 60,03 | 60,44 | 69,39 | 41,45 | | 58,70 | 9,20
_u9s | u 97,23 | 101,53 | 97,23 | 99,38 | 125,34 | 128,40 | | 108,19 | 14,59
S | v 53,50 | 39,65 | 53,50 | 46,58 | 56,77 | 33,38 | | 47,23 | 9,16
&S 5 87,96 | 65,93 | 87,96 | 76,94 | 113,59| 71,96 | | 84,06 | 16,90

S5 I 62,43 | 63,14 | 62,43 | 62,79 | 83,91 | 57,37 | | 6535 | 9,34

EeS | 88,16 | 81,88 | 88,16 | 85,02 [ 119,32| 78,57 | | 90,18 | 14,75
SIS a 171,92 | 155,07 | 171,92 | 163,50 | 200,14 | 215,72 | | 179,71 | 23,26
218 @ | | 15896 |151,85 158,96 | 155,41 | 218,69 | 190,49 | | 172,39 | 26,62

S i 143,99 | 116,94 | 143,99 | 130,47 | 160,30 | 154,23 | | 141,65 | 15,83
&S u 130,47 | 107,12 | 130,47 | 118,80 | 158,57 | 181,27 | | 137,78 | 27,32
LS 55,85 | 47,75 | 55,85 | 51,80 | 66,95 | 60,84 | | 56,50 | 6,75
RS ! 47,54 | 41,77 | 47,54 | 44,66 | 51,16 | 35,57 | | 44,71 | 547

LS | v 74,82 | 6329 | 74,82 | 69,06 | 68,25 | 49,36 | | 66,60 | 9,51
Sad | ® | |121,69]112,10|121,69|116,90|117,14|130,23| | 119,96 | 6,17
LlgxS | o 55,87 | 34,36 | 55,87 | 45,12 | 62,24 | 47,85 | | 50,22 | 9,92
LIS 1 46,54 | 33,95 | 46,54 | 40,24 | 52,38 | 46,08 | | 44,29 | 6,36
LlgkeS | o 79,68 | 40,25 | 79,68 | 59,97 | 92,44 | 43,98 | | 66,00 | 21,25




U9 & 122,25 (129,83 | 122,25 | 126,04 | 121,27 | 123,69 124,22 | 3,21
Ug,S4S i 92,27 | 79,60 | 92,27 | 85,94 | 80,09 | 90,22 86,73 | 5,81
UsS u 115,14 | 85,76 | 115,14 | 100,45 | 111,55 | 83,27 101,89 | 14,51
>V a 107,26 | 110,83 | 107,26 | 109,04 | 121,56 | 123,52 | | 113,24 | 7,35
LoV a 129,18 (108,78 | 129,18 | 118,98 | 124,72 | 113,83 120,78 | 8,39
>V a 126,96 [ 101,10 | 126,96 | 114,03 | 114,15 | 112,93 116,02 | 9,79
=V a 121,95 | 119,41 | 121,95 | 120,68 | 117,07 | 115,31 119,40 | 2,72
Y a 168,76 | 136,17 | 168,76 | 152,46 | 159,49 | 144,72 155,06 | 13,15
5 a 128,79 | 137,38 | 128,79 | 133,09 | 163,21 | 151,37 140,44 | 13,95
V|, a 121,34 | 107,01 | 121,34 | 114,18 | 113,68 | 115,16 115,45 | 5,39
Vi a 158,34 (117,91 | 158,34 | 138,13 | 127,34 | 108,68 134,79 | 20,70
VG a 130,65 | 105,96 | 130,65 | 118,30 | 131,14 | 104,85 120,26 | 12,49
VIS a 130,95 | 104,78 | 130,95 | 117,86 | 116,23 | 117,06 119,64 | 9,98
Appendix D: Minimal Pairs (VOWEL Sfor the factor “Stress”)
Minimal Pairs for Vowel duration analysis for the factor "Stress"
- : Duration | Intrinsic : Per centage
Vowel | Word Minimal Pairs in context | duration Differnce inor
a SIs str |open| VUV |non wf 121,34 | 125,44 4,24 3,62
uSU unstr | open | UV UV | non wf 117,10
a BSL str |open| UVV |nonwf| | 128,96 | 125,44 5,31 4,29
ool unstr | open | UV V | non wf 123,65
a SIs str |open| VUV |non wf 121,33 | 125,44 7,32 6,42
LsIs unstr [open| VUV |[nonwf| | 01.114
a &Sg) str |close | UV UV | wf 09.171 | 125,44 30,53 21,72
Skpy unstr |close |[UV UV | wf 56.140
a Ce1t; str |open| VUV |non wf 142,62 | 125,44
a U LS str | open | UV UV | non wf 93,84 125,44
a Slas str [open| VUV |non wf 65.107 | 125,44




oS str |open| VUV |non wf 92,64 | 126,57
935 unstr | open | V UV wf 116,68 | 126,57
S 9;_, str | open | UV UV | non wf 81,88 126,57
UgI8S str |open| VUV [nonwf| | 112,54 | 126,57
©g3,S str |close|UVUV| wf 50.138 | 126,57
918 unstr | open | V UV wf 68.116 | 126,57
UGS str |open| VUV |non wf 105,16 | 111,58 16,31 18,36
Jlos unstr | open| V UV |non wf 88,85
Jlos unstr | open | V UV |non wf 85.88 111,58 -2,03 -2,23
SX5 unstr fopen | VUV | wf 98.90
SaS str | open| V UV |non wf 85,87 111,58
S35 unstr [open| VUV | wf 90,98 | 111,58
,_5\_25) unstr | open | UV UV wf 84,21 111,58 27,37 32,50
Jaw str |open| UV V |non wf 101,91 | 132,27
Spiw str | open| V UV |nonwf 108,92 | 132,27
..S_“J unstr |close| V UV wf 154,90 132,27
LS str |open| UV V |non wf 127,05 | 196,23
Wis str |open| VUV |non wf 154,42 196,23
035 str | open| UVV |non wf 63,61 | 69,59 7,70 13,77
Y unstr | open | UV V | non wf 55,91




J_*é str |open| VUV |non wf 52,92 69,59 14,61 38,14
&S unstr | open | UV UV | non wf 38,31
=5 str |open| VUV |nonwf 77,04 69,59 26,89 53,62
CuSS unstr | open| V UV |non wf 50,15
IS__._B"; str | close | UV UV | non wf 52,97 69,59 -10,34 -16,33
Slps unstr | close | UV UV | non wf 63,31
ke, str | open | UV UV | non wf 61,56 69,59 -7,08 -10,31
Kei unstr | open | UV UV | non wf 68,64
759 str |open| VUV |non wf 76,83 69,59 -2,90 -3,64
19588 unstr | open | VUV |non wf 79,73
gS_ij str |close | UV UV wif 4478 69,59 17,02 27,71
S unstr |close |[UV UV | wf 4261
KAV unstr |close | VUV | wf 74,30 69,59
<SS unstr | open | V UV | non wf 15.50 | 69,59
W, pS str |close| VUV |non wf 07.64 69,59
135S str | open| UV V |non wf 70.58 | 69,59
£39S | |unstr [open| UVV [nonwf| | 9246 | 70,39 0,31 0,65
. ejs str |open| UVV |nonwf 23.47
i str |open| VUV |non wf 44,69 70,39 -15,70 -26,00
)lSj unstr | open | UV UV | non wf 60,39
US-: str |open| VUV |non wf 55,27 70,39 7,61 15,97
ULS; unstr | open | VUV |non wf 47,66
..S_:L> unstr |close| VUV | wf 56,35 70,39
U _\_93 str | close | UV UV | non wf 26.50 70,39
& BJ}S str |open| VUV | non wf 18.61 70,39




U )53 str |close| UV UV | wf 8049 70,39

o | ol§s | |unstr|open| VUV |nonwf| | 6647 | 7039

U ls.gji unstr | open | UV UV | non wf 28.52 70,39 18,11 34,60
I LB-JQ str |open| VUV | non wf 51,93 56,59 2,73 5,54

Sy unstr | open| VUV |non wf 49,20

1 av] str |open| UV V |non wf 57,13 56,59

I s unstr |close | VUV | wf 63,36 56,59

I Sk str |close | UV UV | non wf 59,14 56,59

I Y] str | open | UV UV | non wf 61,83 56,59

I gAY unstr | open | V UV |non wf 20.49 56,59

I wlSy unstr | open | UV UV | non wf 45,67 56,59 10,92 23,92
aé u»Le5> str |open | UV UV wif 265,04 262,96

Appendix E: Minimal Pairs (VOWELS for the factor “Effect of Voicing : Pre

vocalic consonant™)

Minimal Pairs for Vowel duration analysis for the factor "Pre-vocalic voiced consonant"

Duration Intrinsic Per centage
Vowel | Word Minimal Pairs in duration Differnce nor 9
context case
a | wils str | open [UvuV | B8 107,38 | 12544 | 13,96 13,00
5 str | open ,
S15 t vuv | T8 121,34
a 9SIS unstr| open | VUV | non 118,24 | 125,44




wf

. asp | non
U s str open UV wi 93,84 125,44 13,81 14,71
Slas str | open | aspV nvep 107,65
aSG | |unstr| open |uUvUV| "ET 117,10 | 12544 | -3,09 -2,64

LSIS | [unstr| open | vuv | " 114,01

usi unstr| open |UV UV | wf 132,85 | 125,44 5,77 4,34

01S unstr| open uvyv wf 138,62
&lSg) str | close |UVUV| wf 171,09 | 125,44
sl | | str | cose | uvv | TN || 13326 | 12544

non
,S'.._S str open | UV UV wf 85,87 111,58 19,29 22,47
non
o "-/ str open VvV UV wf 105,16

wilS unstr| open |UVUV | wf 101,08 | 111,58
Jlus | |unstr| open | vuv | O 88,85 | 111,58

oS str | open |Uvuv| "N 92,65 | 126,57 | 19,89 21,47

wf
s non
U9I9d str open V UV wf 112,54
wgi,S | | str | close [UVUV| wf 138,59 | 126,57 | -8,87 6,40
gl str close | VUV wf 129,72
1 non
—u9> str close V'V W 108,19 | 126,57
9SIS unstr| open |UVUV | wf 91,82 | 126,57
- asp | non
1S gps str open UV wi 81,88 126,57
S unstr| close| VUV | wf 154,90 | 132,27




non

Spiu str | open | VUV | ' 108,92 | 132,27 | -23,34

S50 str | open |UVUV ”V‘af” 142,63 | 196,23 | 11,80 8,27

BIR str | open | vuv | "N 154,42

wf

owlS, | |unstr| open | UV UV ”V‘J]f‘ 4567 | 56,59 | 3,53 7,72
Sy unstr| open | VUV nV(JP 49,20

s str | open | VUV ”Vf,’f“ 51,93 | 56,59 | -4,67

Koy str open %S\E) nvsp 61,83 56,59

Skpy | | str | close| T | O 59,14 | 56,59

155 str | close | uvy | MM 58,05 | 56,59

= wf

L85 | |unstr| open |uvuv| Y 60,39 | 7039 | -12,73 | -21,08
@) ; unstr| open VvV UV nv(\jp 47,66

bagS | | str | close| | T 50,26 | 70,39 | 7,30 14,53
9,5_& str close | aspV n\zp 57,57

S str | open |UVUV ”Vfl’f” 4469 | 70,39 | 10,58 23,68

USJ: str open VvV UV nvf/)fn 55,27

djb unstr| close| VUV | wf 56,35 70,39

_,S% str close |UVUV | wf 49,80 70,39

6 BS/S str open asp VvV nvf/)fn 61,18 70,39
)lS.m; unstr| close | aspV nv(\jp 71,76 70,39




U | 3_3 str | close | UVV nvch 44,23 70,39
o | g str | open | T | MO8 6156 | 6959 | 1527 | 24,81
253 str | open | aspV nvf,)fn 76,83
o | Sy | | str | cose TF | T 52,97 | 6959 | 11,10 | 20,95
WS str | close | aspV nv(\an 64,07
= non
o str | open |UvVUV| " 52,92 | 69,59 | 24,11 | 4556
JK str | open | vuv | o8 77,04
s | &S | |unstr| open |uvuv| "7 3831 | 6959 | 11,83 | 30,89
b non
CaaSS unstr| open | VUV | . 50,15
Vo asp non
o | SLpS | |unstr| close UV wi 63,31 69,59
o | Sagy | | str | close [uvuv| wf 78,44 | 69,59
non
) 938 str | close | UVV wf 55,67 69,59

Appendix E: Minimal Pairs (VOWELS for the factor “Effect of Voicing : Post

vocalic consonant™)

Minimal Pairs for Vowel duration analysis for the factor "Post-vocalic voiced consonant"

- . Duration | Intrinsic | . Per centage
Vowel | Word Minimal Pairs in context | duration | 2iffernce | "o O
a wils str | open | UV UV | non wf 107,38 | 125,44 21,58 20,10
JsL str |open| UVV | non wf 128,96
a SG unstr | open | UV UV | non wf 117,10 125,44 6,56 5,60




ol unstr| open | UV V | non wf 123,65
01S unstr | open | V UV wf 138,62
gSlfS str |open| VUV | non wf 118,24 125,44
SlSq) str |close | UV UV wi 171,09 | 125,44
S il> str |close| VUV | non wf 126,58 | 125,44
w8 | |unstr{open|UVUV | wf 101,08 | 111,58 | 25,26 24,99
S, | |unstr|close| UVV wf 126,34
SS str | open | UV UV | non wf 85,87 111,58
wul8 | |unstr{open|UVUV | wf 101,08 | 111,58
u_gj)s str |close | UV UV wf 138,59 126,57 14,89 10,75
535, str |close| UVV wi 153,48
L‘;sg str | open | UV UV | non wf 92,65 126,57
oSIS unstr|open | UV UV |  wf 91,82 126,57
C;J;S str |close| VV | nonwf 108,19 126,57
Joaw str |open| UVV | non wf 101,91 | 132,27
ipiu str |close| VUV | non wf 130,23 | 132,27
K str |open | UV UV | non wf 142,63 196,23 -15,57 -10,91
Lls str |open| UVV | nonwf 127,06
J_é str | open | UV UV | non wf 52,92 69,59 10,70 20,21
04S str |open| UV V | non wf 63,62
)|;S_'j unstr | close | UV UV | non wf 48,18 69,59 25,56 53,04
3590 unstr | close | UV V wi 73,73
.:,L:S unstr | open | UV UV | non wf 38,31 69,59 17,65 46,06
3y | |unstr{open| UVV | non wf 55,96




o | Sags | | str |close| vuv | w 78,44 | 69,59
o | wuSo | |unstr|close| UVV wf 60,30 | 69,59
) lS.g.: unstr | open | asp UV | non wf 68,64 69,59
U LS-B% unstr | open | asp UV | non wf 52,28 70,39 -5,36 -10,25
5035 unstr | open | aspV | non wf 46,92
U )lSj unstr | open | UV UV | non wf 60,39 70,39
v | S| | str [close] VUV [nonwf| | 6140 | 70,39
v | S str |open| UV UV [nonwf | | 4469 | 70,39
v | S8 str |close| UVUV | wf 49,80 | 70,39
I gav] str |open| UVV | non wf 57,13 56,59
I LSS unstr | close | UV UV | non wf 46,28 56,59
I oSy unstr | open | UV UV | non wf 45,67 56,59

Appendix F: Minimal

(voiced)™)

Pairs (VOWELS for the factor “Effect of Aspiration

Minimal Pairs for Vowel duration analysis for the factor "Aspiration (voiced)"

Duration Intrinsic Per centage
Vowel | Word Minimal Pairs in ; Differnce| . 9
duration increase
context
a 1S5 str |open| VUV ”V‘jlf‘ 121,34 | 125,44 | 13,69 12,72
Slas str |open | asp V UV nv(;fn 107,65
a | Syl str |close| wvuv | MM 126,58 | 125,44
> wf ’ ’




s unstr | open | aspVnil | wf 130,25 | 125,44
. € non
ugiLS str |open| V UV wf 105,16 | 111,58
gS\-&eS unstr| open | asp V nil wf 125,41 | 111,58
GBI str |open| VUV ”V‘J]f‘ 154,42 | 196,23
s non
U9J9d str | open V UV wf 112,54 | 126,57
R non
Spiu str | open | V aspUV wf 108,92 | 132,27
S str |close| VUV wf 154,90 | 132,27
ok str |close| Vaspuv | "0 130,23 | 132,27
= wi
slpiS | | str |close| Vaspuv ”Vc\j]f‘ 61,40 | 70,39
< non
9iSpy str |close | asp V UV wi 57,57
o non i )
U9 str | open V UV wf 55,27 70,39 5,90 9,65
Lz non
&eS str |open | aspV UV Wi 61,18
Sols | |unstr|close| vuv | wf 56,35 | 70,39
.y non
).;S str | open V UV wf 77,04 69,59 0,21 0,27
53 str |open|aspVv uv| "0 76,83




) RSV unstr|close| VUV wf 74,30 69,59

o | WS str |close| aspvuv | MO0 64,07 | 69,59
wi ' '

I Lo str |open| V aspUV non 51,93 56,59
- Wf 1 1

I <l unstr|close| VUV wf 63,36 | 56,59

Appendix G: Minimal

(Unvoiced)”)

Pairs (VOWELS for the factor “Effect of Aspiration

Minimal Pairs for Vowel duration analysis for the factor "Aspiration (Unvoiced)"

Duration Intrinsic Per centage
Vowel | Word Minimal Pairs in | qiration | Differnce | TS 9
context
a | wi st fopen| uvuv | Y 107,38 | 12544 | -1354 | -1261
. non
U s str | open | asp UV UV wi 93,84
a Lsls str [close| UV UV ”Vfl’f” 129,04 | 12544
a SSIS str | open uv uv nonwf 118,24 | 125,44
a | &lsy str |close| uvuv | wf 171,09 | 12544
a o | |unstr|open| uv v | NN 123,65 | 12544
USJ Wf I l
non
a s)ng str | close uv v w 133,26 | 125,44




L2 non i i
UoS str |{open| UV UV wi 92,65 | 126,57 10,77 11,62
. non
1S gpJ str | open | asp UV UV wi 81,88
gSIS unstr | open UV Nil wf 91,82 | 126,57
2 non
Lﬁgs str | close uv uv W 102,97 126,57
ugj)s str | close uv uv wif 138,59 | 126,57
oS, unstr | open | asp UV Nil | wf 84,21 | 111,58
wils unstr | open | UV Nil wf 101,08
non
S str | open uv uv wi 85,87 | 111,58
b non
oSS str |close| UV UV wi 86,42 | 132,27
S50 str |open| UVUV ”V‘\’,f” 142,63 | 12544
g non
Jxd str | open uv uv wi 52,92 69,59 8,63 16,31
_ non
) str | open | aspUV UV wi 61,56
- - non
IjS_, str |close uv uv Wi 49,05 69,59 3,93 8,00
Kapi str | close | asp UV UV nv<\),fn 52,97
“e- non
)I)S_, unstr | close uv uv W 48,18 69,59 15,13 31,41
- non
SkpsS unstr | close | asp UV UV wi 63,31
X str | close | asp ) ,
| UV UV | wf 74,82 69,59




Sagy | | str |close| uvuv | wt 78,44
xa; | |unstrjopen| uv v | B0 5596 | 69,59
non
938 str | open uv Vv wi 55,67 69,59
s non
NS str | open uv uv wi 44,69 70,39
R str |close| uvuv | Y 4458 | 70,39 | 5,69 12,76
.. e non
Lags str |close | asp UV UV | . 50,26
Lus str |close| uvuv | Y 37,63 | 56,59 | 21,50 57,14
. non
Sy str |close | asp UV UV wi 59,14
155 str fopen| uv v | " 58,05 | 56,59
LSps str |close| aspuvV | "¢ 59,36
gy str | open | asp UV UV ”V‘\’,f” 61,83 | 56,59
non
o str |close| UV UV wi 53,32 | 56,59
LS unstr|close| UV UV nvf:fn 46,28 | 56,59
)53 str | open uv uv wi 49,80 70,39
L _\_9% unstr | open | asp UV V non 46,92 70,39
> wi ' ’
2 non
5.8 str |close uv v Wi 44,23 70,39




Appendix H: Minimal Pairs (VOWELS for the factor “Position in Word (word

final / non word final)”

Minimal Pairs for Vowel duration analysis for the factor "Position in Word"

Duration -
Vowel | Word Minimal Pairs in ljntrln_sc Differnce | Fercentage
uration INCrease
context
a Lsls str |close| UV UV ”V‘V’][‘ 129,04 | 125,44 | 42,06 32,59
&lSq) str |close| UV UV wf 171,09
a K> str |close| UV NIL wf 123,06 | 12544 | 17,50 14,22
Sy, unstr | close| UV UV wf 140,56
a | wgb | |unstr|open| wvv | O 123,65 | 12544 | 14,97 12,11
01S unstr | open uvyv wi 138,62
a | uSb | |unstr|open| uvuv | " 117,10 | 12544 | 1,15 0,98
oSIS unstr [open | UV UV wf 118,24
a 1S15 str |open| VUV ”V‘JP 121,34 | 125,44
1. non
a ool unstr | close uv v wf 123,65 | 125,44
a | LSIS | |unstriopen| VUV vk 114,01 | 125,44
a U s str | open | asp UV UV non 93,84 | 125,44
Wf ’ 1
a | syl str |close| VUV non 126,58 | 125,44
> wf ’ ’
a LY unstr | open | asp V nil wf 130,25 | 125,44
a Sl str |close uv v non 133,26 | 125,44




wf

non

UGS str | open VvV uv wi 105,16 | 111,58
S35 unstr | open uvv wf 90,98 | 111,58
S, unstr | close uvyv wi 126,34 | 111,58
Jlys | |unstr{open| VUV ”V‘jp 88,85 | 111,58
LS, unstr | open | asp UV nil wi 84,21 | 111,58
wils unstr | open | UV nil wf 101,08 | 111,58
uSU str | close uvv wf 129,97 | 111,58
S unstr| open | asp V nil wf 125,41 | 111,58
BIR str |open| VUV ”Vf/’][‘ 154,42 | 196,23
s non
U9 str | open V UV wf 112,54 | 126,57
918 unstr | open uvyv wif 116,68 | 126,57
wgiSo | | str [close| uvv wf 136,76 | 126,57
>;S B str | close uvyv wif 153,48 | 126,57
LoS str |close| Uvuv | "8 | | 102,97 | 12657 | 3562 | 34,60
gi,S | | str |close| uvuv | wf 138,59
. non
1S gps str |open| aspV UV wi 81,88 126,57




ol str | close VvV uv wi 129,72 | 126,57
9SIS unstr | open| UV nil wf 91,82 | 126,57
. non
S str | open| V aspUV w 108,92 | 132,27
b non
oSS str |close| UV UV Wi 86,42 | 132,27
ipk str |close| V aspUV non 130,23 | 132,27
= wi
S unstr | close VvV uv wi 154,90 | 132,27
s str |close| uvuv | O 44558 | 70,39 | 5,22 11,71
RS str |close| UVUV | wf 49,80
o8> | |unstr|open| Vuv ”V‘J]f‘ 4766 | 7039 | 8,69 18,23
Sols | |unstr|close| vuv wf 56,35
R non
U9l str | open V UV wf 55,27 70,39
L2 non
Lags str |close| aspUV UV | 50,26 70,39
2 non
wpS str |close| V aspUV wi 61,40 70,39
)lSj unstr | open uv uv n\,c;;] 60,39 70,39
L2 non
158 str |close uvyv wi 44,23 70,39
z non
s pJ unstr | open | asp UV UV wf 52,28 70,39
55 str |close| uvuv | "0 49,05 | 69,59 | 29,40 | 59,94
wf




Sagy str |close| aspUV UV | wf 78,44
<SS | |unstropen| vuv | O 50,15 | 69,59 | 24,15 48,16
oSy unstr|close| VUV wf 74,30
- non
Saps str |close | asp UV UV wf 52,97 69,59 21,85 41,25
SpsS str |close|asp UV UV | wf 74,82
Uy unstr|close| UVV nvc\:P 55,96 | 69,59
wiSo | |unstr|close| UVV wf 60,30 | 69,59
e non
HLSS str |close| UV UV Wi 48,18 69,59
S unstr|close| UV UV wif 61,42 69,59
1o non
Iy str | open VvV uv wi 77,04 69,59
- non
K pi unstr | open | asp UV UV wf 68,64 69,59
&GS | |unstr|open| uvuv | O 3831 | 69,59
95pS str |close| aspvuv | "N 79,73 | 69,59
2. wif
uy unstr | open| UV YV nvc\;]p 55,96 | 69,59
non
938 str | close uvyv wf 55,67 69,59
L - non
) str |open | asp UV UV wi 61,56 69,59
Lo str | open| V aspUV nv(\ip 51,93 56,59
Lus str [close| uvuv | MO 37,63 | 56,59

wf




non
I o str |close| UV UV wi 53,32
1 RS str |close| uvuv | O 46,28 | 56,59
non
I g Sy unstr | open | V aspUV wf 49,20 56,59 14,16 28,78
<l unstr|close| VUV wf 63,36
i g, str | open|aspuvuv | o0 61,83 | 56,59
- wi
I ey str |close | asp UV UV non 59,14 56,59
- wi
non
I oSy unstr|open| UV UV wi 45,67 56,59
1 155 str |close| uvv | " 58,05 | 56,59
a@ | wlpSs str | open | asp UV nil wi 265,04 | 262,96

Appendix |: Minimal Pairs (VOWELS for the factor “Syllable Type ( Open /

Close)”
Minimal Pairs for Vowel duration analysis for the factor "Syllable type"
Duration Intrinsic Per centage
Vowel | Word Minimal Pairs in duration | Differnce | " 9
uration increase
context
. uv non
a wils str | open| )y, wf 107,38 | 125,44 | 21,66 20,17
uv non
b
LSS str | close Y wi 129,04
v non
a I3 str [open| VUV wi 121,34 | 125,44 5,24 4,32
yils | | str |close| vuv | "B | | 126,58
a | oSI5 | |unstr|open| UV | wi | | 11824 | 12544 | 2231 | 1887
UV L 1 L b
Sk unstr | close | UV wi 140,56




uv

Kb str | close Bx nvc\),fn 142,63 | 125,44

LS unstr| open| OV | non 117,10 | 125,44

g uv wif

os:b unstr| open | UV V nv?,fn 123,65 | 125,44

Slas str |open| VUV ”vf/’f” 107,65 | 12544

U s str | open Bx nv<\),fn 93,84 | 125,44

oS str [open| v | "o 92,65 | 12657 | 10,32 | 11,14
LS str |close| YV | non 102,97

uv | wi
Ugses | | str [open| vuv | "Bl | 11254 | 12657 | 1403 | -1247
Sops | | str|open| Y | "' | | 8188 | 12657 | -4469 | -5458
. uv

SIS unstr | open |, wf 91,82 126,57 | -34,76 -37,86
ol str |close| V UV wf 129,72 | 126,57 3,15 2,42
GBI str |open| VUV ”vf/’f” 154,42 | 196,23 | -41,81 | -27,07

e non ] i
ugiS str open| VUV | " 105,16 | 111,58 | -6,42 6,10




uv

w8 unstr| open | wf 101,08 | 111,58 | -10,50 -10,39
.S str | open Bx i 8587 | 111,58 | -2571 | -29,94
SX unstr|open | VUV | wf 90,98 | 111,58 | -20,60 -22,64
S i unstr | close | UV V wi 126,34 | 111,58 | 14,76 11,68
Sphyu | | str |open| vuv | "1 | | 10892 | 13227 | 21,31 | 1956
ipho | | st |close| vuv | O 130,23
5| | str |close| UV | Mon 86,42 | 132,27
2 uw | wi
Jid str [open| v | Mo 5292 | 69,59 | -3,88 7,32
e uv non
b
1555 str |close Y, wi 49,05
- uv non
b - -
&LS unstr | open | wi 38,31 | 69,59 9,87 25,76
< uv non
HLSG unstr | close Y, wi 48,18
xay | |unstr|open | Lvv | O 5596 | 6959 | 17,77 | 3176
S0 unstr | close | UV V nv?lfn 73,73
- uv non
b - -
WY str | open | wi 61,56 69,59 8,59 13,95
z uv non
(g str | close Y, wi 52,97
kg3 str |open| VUV ”v‘\’,f” 76,83 | 69,59 | -12,76
WpS str|close| vuv | "o 64,07




uv

SpsS str | close UV wf 74,82 69,59 5,24 7,00
-2 non
)9@5 unstr | open | V UV W 79,73 69,59 10,14 12,72
S unstr | close Bx wif 61,42 69,59 -8,16 -13,29
b non
|3pS str |open | UVV | . 58,70 69,59 | -10,89 -18,55
wiSo | |unstr|close| UVV | wf 60,30 | 69,59 | -9,28 -15,40
1o non
)_S str |open| V UV w 77,04 69,59 7,45 9,67
uv non
b - -
L._% str | open UV W 61,83 56,59 2,69 4,35
uv non
b
8& gy str |close UV wi 59,14
uv non
oSy unstr | open |, wi 45,67 56,59 0,60 1,32
uv non
b
LSS unstr|close |, wi 46,28
s str |open| VUV ”V‘\),f” 51,93 | 56,59 | -4,67 -8,99
wils unstr|close| UVV | wf 58,62 56,59 2,03 3,46
e non
LSps str | close| UVV |~ 59,36 56,59 2,76 4,66
uv non ) )
LMS str |close UV W 37,63 56,59 18,96 50,39




oo || str close| Y | MO 5332 | 5659 | -328 | -615
Ugi str |open | Vuv | "o 5527 | 7039 | 6,13 11,09
lpiS | | str |close| vuv | T 61,40

S str [open| Oy | Mo 4469 | 7039 | 6,06 13,56
l.esz str | close Bx nv(\)/fn 50,75

LpS str |open| VUV ”Vf’,f” 61,18 | 70,39 | -3,61 -5,90
9_,.5_9: str |close| V UV nv?lfn 57,57

0

bagS | | str [close| Oy | " | | 5026 | 7039 | 2013 | -40,04
Sy | |unstr|open| oV | "oF 60,39 | 70,39 | -10,00 | -16,56
;i3 | |unstr|close| vuv | O 71,76 | 7039 | 1,37 1,92
| Xg5 str [open| UVV | " 51,70 | 70,39 | -1869 | -36,15

2S5 str |open| UV V ”Vf’,f” 4723 | 70,39 | -23,16 | -49,03
oolgSs| | str [open|uvuv | wr 265,04 | 262,96 | 2,09 0,79

Appendix J: Average durationsfor consonants

Averageduration values (in ms) for consonant duration analysis ( Each value for each speake
an average of 18 duration values)




Word | C | | Awais|Nakha| Kiran |Shanza|Shakee Raheel | | Average| Std dev
t |
oo |m| | 9333|8564 8984|9380 | 8483|7958 || 8784 | 664
o | n | | 80,94 | 8355 | 69,88 | 78,05 | 78,87 | 80,73 | | 7867 | 520
sl |t | | 27,92 11,16 | 10,94 | 11,77 | 11,47 | 3892 | | 18,70 | 17,70
olws | d | | 1559 | 1058 | 13,57 | 8,83 | 12,28 | 10,28 | | 11,86 1,18
,Sagi |t | | 45,45 | 70,49 | 45,00 | 58,84 | 4341 | 3573 | | 49,83 | 6,36
J%eS |[dh| | 78,33 | 22,01 | 20,67 | 70,89 | 24,61 | 48,75 | | 4421 | 861
slew 85,47 | 95,57 | 90,63 [112,65| 95,65 | 8559 | | 94,26 | 5,99
15 | 2| | 83,22 | 46,55 | 3257 | 60,14 | 74,09 | 54,88 | | 58,58 | 542
Jix |tf| | 3522 | 4436 | 39,09 | 54,41 | 27,80 | 4559 | | 4108 | 7,12
Jui> |dz| | 3115 | 23,69 | 21,64 | 31,14 | 29,09 | 22,98 | | 26,61 1,90
olao, | r | | 31,38 | 21,65 | 20,89 | 30,27 | 30,81 | 28,64 | | 27,27 1,83
LU | 1] | 5829 |11339| 72,28 | 82,20 | 55,72 | 9056 | | 78,74 | 9,92
olao, |m| |113,02(119,17|103,80(115,77| 99,02 [112,75| | 110,59 | 2,53
J> | n | |120,97|117,21(106,20| 89,89 |104,09|100,44| | 106,47 | 3,98
Slok |t || 52,84 | 11,78 | 9,78 | 24,71 | 14,44 | 27,60 | | 2352 2,93
ownXl | d| | 44,98 | 21,53 | 18449 | 1954 | 20,91 | 2253 | | 24,66 | 5,98
" lgpk | th | | 75,06 | 55,72 | 4352 | 90,77 | 84,40 | 34,09 | | 6393 | 17,10
clewS | s | | 75,53 | 63,16 | 74,94 | 84,05 | 7355 | 59,61 | | 7181 | 6,68
wloze | z | | 7845 | 6342 | 57,60 | 97,18 | 83,89 | 58,61 | | 73,19 | 3,17
LS | tf| | 37,24 | 94,16 | 74,04 | 82,27 | 57,85 | 37,04 | | 6377 1,93
wh=S |ds| | 30,37 | 44,41 | 29,71 | 43,75 | 3856 | 3247 | | 3654 | 512
olS,> | r | | 3935|3812 | 13,29 | 39,14 | 45,80 | 27,47 | | 33,86 | 7,55
Jus, | | 13836 17,26 | 38,89 | 30,77 | 20,16 | 25,09 | | 4509 | 240
oo | 1| | 7940 | 5960|5779 | 66,10 | 74,17 | 7817 | | 69,20 | 7,47
ol |m| | 91,34 | 80,22 | 88,38 |112,69| 75,44 | 67,44 | | 85,92 1,50
oS, | n | |6613 | 8756 | 8562 | 86,11 | 63,10 | 67,67 | | 7603 | 519
L= |t | |8815| 866 | 10,36 | 10,22 | 11,04 | 1051 | | 23,16 | 5,07
SoSS | d | [114,02| 14,36 | 13,81 | 8,83 | 14,04 | 1022 | | 29,21 | 2,43
Sowgs | " | | 54,76 | 49,20 | 51,75 | 57,96 | 41,47 | 30,86 | | 4767 | 6,85
2w | s | | 7455 |112,30|100,15| 135,28 105,13 | 85,05 | | 102,08 | 7,34
0305 |z | | 9610 | 51,27 | 34,63 | 58,22 | 51,29 | 50,69 | | 57,03 | 3,64
wuk> | tf | | 5454 | 53,36 | 33,00 | 57,51 | 24,86 | 2690 | | 41,69 | 22,31
Ji,> |dz| [104,06| 30,84 | 21,07 | 30,61 | 36,56 | 27,04 | | 41,70 | 261
oisw, | r | |116,10] 20,30 | 21,14 | 36,04 | 31,81 | 36,69 | | 4368 | 3,64
155J | 1| |8583|91,21 | 7504 | 97,42 | 88,94 | 73,08 | | 8525 | 3,00




S,08 | m| | 8509 |103,43|109,93|12540| 8545 | 84,15 | | 9891 | 3,93
,=y | n | |100,99| 92,54 [112,13[125,50 106,97 | 94,67 | | 10547 | 4,76
sui> |t || 22291017 [ 3241|1342 [ 29,11 | 16,78 | | 20,69 | 10,19
SoX8 | d|[4533]| 2540 [ 20,08 2023 | 2591 | 24,82 || 2696 | 3,16
slpsS || [ 48,61 | 92,68 | 91,26 [138,45] 59,33 | 75,81 | | 84,36 | 7,20
s,a58 [d"| | 7580 | 21,95 | 22,73 [ 89,42 | 20,73 | 38,79 | | 44,90 | 19,15
Siws 56,19 | 75,36 | 61,41 | 70,30 | 53,86 | 56,66 | | 62,30 | 2,67
og;¢ | z | | 81,80 | 58,01 | 58,16 | 80,51 | 77,97 | 7211 | | 7143 | 2,69
Mo | tf| | 2577 [10550| 94,46 | 95,16 | 52,12 | 4569 | | 69,78 | 6,04
oxxw |dz| | 3411 | 40,93 | 49,55 | 55,09 | 24,80 | 34,48 | | 39,83 | 14,89
o> | r || 8446 2860|5022 | 4858 | 31,88 | 30,33 || 4568 | 2874
s | | |4432]4629 | 41,51 | 2644 | 2863 | 32,34 | | 3659 | 329
Ws | 1|]9245] 81,20 [129,98] 71,42 | 89,84 [110,26| | 9585 | 4,27
Jio |m| | 79,95 | 7820 | 74,08 | 80,41 | 68,25 | 61,62 | | 7375 | 4,80
Jus | n||9412]8578]6897 805371537181l || 7879 | 724
oS5 |t || 1397 924 | 1126|1133 | 10,88 | 10,33 || 1117 | 148
85 [q]]1984] 1060|1031 | 884 | 1265 | 11,24 | | 1225 | 323
ol | " | | 51,45 | 42,08 | 36,07 | 26,02 | 26,07 | 24,99 | | 3445 | 3,19
oMaS |dh| | 97,65 | 84,62 | 68,28 | 71,44 | 64,98 | 61,89 | | 7481 | 6,28
olw 103,26] 99,99 |103,83|129,44| 86,26 | 88,47 | | 101,87 | 4,66
ouS |z || 8686|6197 | 4682|5338 | 6216|5393 || 6085 | 279
o> |t/||1637[51,78 | 3875|5709 | 2823|3314 | | 3756 | 285
owswl> | ds | | 20,67 | 2343 | 1884 | 27,95[ 2993 | 2818 | | 26,33 | 312
J, | r | |8059]3811 226232253250 | 37,17 || 4054 | 202
bl | 1]]6401]7445]69,62] 770266027548 || 71,10 | 4,99
oilo |m| | 81,60] 915386548700 7794|6257 || 8,21 | 357
S56 | n || 7591 87,36 | 91,59 [100,11| 79,91 | 5346 | | 81,39 | 540
owes | t|]1026] 952 | 11,77 | 9,15 | 1363 | 16,98 | | 11,88 | 152
JoS | d] 369414691815 | 892 | 1569 | 1525 | | 1827 | 245
Sog5 | th| | 57,69 | 53,90 | 46,22 | 52,20 | 43,32 | 41,04 | | 49,06 | 11,39
owe5 || [ 80,00] 9597 [ 50,72 | 8591 | 7950 | 71,08 | | 77,20 | 373
il 77,75 | 96,16 [100,76]116,83| 95,79 | 78,07 | | 9423 | 6,10
ool | z| | 5005 5637|5159 | 62,14 | 67,74 | 5442 | | 57,05 | 2,32
oSl | tf| [ 302253553369 4077 [ 3404|3276 || 3750 | 228
ool> |ds| | 3084 | 3363|2045 | 4221 | 36,14 | 30,13 | | 3223 | 1,34
Jo, | r | |10833] 39,82 | 24,11 | 3824 | 33,74 | 36,84 | | 4684 | 27,00
eV | 1|]7691] 7224|8017 ] 7923 | 8565 | 6268 | | 7615 | 4,79




cod | m| | 7258 | 91,12 | 99,59 |119,52] 91,22 | 59,70 | | 88,96 | 23,65
> | n| | 8057|4827 7369|6122 5583|4240 | | 60,33 | 2,11
o ¢ | | 13,74 | 1354 | 12,37 | 2854 | 11,25 | 11,18 | | 15,10 | 1,89
oiy | d| | 1257|1168 | 1229 1244 | 11,18 | 10,62 | | 11,80 | 068
Spiu |t | | 3209|4574 | 3519 | 5253 | 37,81 | 2348 | | 37,80 | 6,19
Ja5e> | d"| | 50,32 | 52,08 | 42,48 | 57,08 | 31,15 | 37,26 | | 4506 | 1544
wg) 103,65 | 92,87 | 109,65|107,00|122,05| 84,05 | | 103,21 | 2,60
wsl> | 2 | | 7354 | 5354 | 52,80 | 61,72 | 51,05 | 50,57 | | 57,20 | 4,80
5= |t | | 3411 [ 4753|3449 | 6887 | 37,59 | 46,89 | | 4491 | 3,89
ey | dz| | 41,08 | 27,18 [ 19,41 | 3837 [ 31,37 | 27,10 | | 30,75 | 411
Gpnu> | 1 | | 7705 27,37 | 2295 | 3512 | 1992 | 29,87 | | 3540 | 447
Js . | 13365 | 21,37 | 1064 | 2327 | 2525 | 23,35 | | 22,92 | 0,80
<L | 1| ]7906 61,96 | 77,99 | 71,71 | 69,77 | 5561 | | 69,35 | 5,23
s> | m| | 9526 |105,81/100,80(102,69| 86,27 | 74,85 | | 94,28 | 226
oJLo | n | [106,41/111,45]101,03|118,18|107,64| 81,28 | | 104,33 | 6,38
Corpm | t | | 2577 | 21,10 | 17,49 | 7,80 | 1410 | 16,65 | | 17,15 | 1,85
0 |d - - - - - 0,00 0,00
pfaue> | (" | | 31,49 | 30,21 [ 3215 | 539 | 21,27 [ 3302 || 2559 | 3,06
S, | s | | 8892 7808 | 9358 | 94,45 | 81,28 | 68,75 | | 84,18 | 3,39
Sy | z| | 7106|7416 | 7313 | 82,91 | 7048 | 52,08 | | 7064 | 6,66
2V ||| 7148 | 66,36 | 69,05 | 6589 | 54,45 | 44,08 | | 61,88 | 562
oolgs |ds| | 2936 | 7362 | 44,65 | 81,76 | 56,34 | 31,97 | | 5295 | 4,17
3 || [4002]3750] 3488|3521 (3942|3114 || 3636 | 245
5\S | ¢ | | 41,63 ] 2937 | 2968 | 24,06 | 2341 | 2326 | | 2857 | 131
JSL |1 ]]6607 8097|8060 |101,88] 81,36 | 64,29 | | 79,19 | 498
i | m | | 7336 | 78,22 | 97,61 | 89,74 | 73,01 | 61,67 | | 7894 | 641
SWG | n | | 5407 | 9439 | 70,73 [103,34| 7329 | 57,56 | | 7556 | 6,45
Slps | ¢ | 1910 | 1411 11,03 | 14,10 | 16,19 | 1679 | | 1522 | 210
Ji> | d| 30721461 | 1814 | 1411 | 1444 | 2262 | | 1911 | 4,79
Jopips | (" | | 50,44 | 49,78 | 47,96 | 46,50 | 41,26 | 40,30 | | 46,04 | 591
JboXw | d" | | 62,68 | 9553 | 49,80 | 97,28 | 84,74 | 64,47 | | 7575 | 11,51
PO 106,76 | 136,23| 141,00| 132,92 | 129,96 114,97 | | 126,97 | 3,97
iS5 | z | | 77,15 |123,64| 56,59 | 89,54 | 96,38 | - 7388 | 872
Go=y | tf | | 26,08 | 86,11 | 54,25 | 85,94 | 43,31 | 3201 | | 54,62 | 392
olwl [dg| | 26,21 ] 2369 | 20,19 | 33,46 | 3951 | 39,82 | | 3048 | 316
o8 | r | | 5247 | 4757 | 46,18 | 41,07 | 40,06 | 4348 | | 4514 | 4,04
olsas | ¢ | 5597|2965 21,50 | 27,77 | 29,43 | 47,04 | | 3524 | 1921




SVl | 1] ]6047 633364926700 559 |5353|| 6086 | 1,36
pl>gS | m| | 7049 [121,09]108,22| 91,18 | 85,05 | 72,96 | | 91,50 | 3,48
olosl | n | | 81,76 |122,98] 99,22 [103,66| 92,43 | 87,32 | | 97,90 | 4,13
&lsg) | ¢ | | 17,91 | 1505 | 14,06 | 577 | 14,88 | 1432 | | 1366 | 237
S0pS | d| | 2581 11,67 | 1256 | 830 | 10,31 | 12,10 | | 1346 | 2,60
pioS> |t | | 48,82 | 65,75 | 32,39 | 4365 | 21,74 | 1534 | | 37,95 | 17,43
owslls [ s | | 7334 | 91,81 | 88,60 [ 123,79 84,44 | 6590 | | 87,98 | 7,68
i | z || 5741|7964 | 61,58 | 98,11 | 67,20 | 65,33 | | 71,54 | 3,32
awewS | tf| | 3787 | 77,14 | 53,40 | 9503 | 51,73 | 26,74 | | 5698 | 217
clow |d3| 3018 7536 | 4321 | 70,07 | 4840 | 39,98 | | 5120 | 264
owX | r | |3080 4398|4692 | 4443 | 4845 | 4559 | | 4336 | 8,08
53pS | r| | 2660|2962 | 2585 | 20,30 | 29,68 | 2301 | | 2584 | 1,27
Jas | 1] ]5601|101,48] 93,65 | 97,13 | 9040 | 7542 | | 8568 | 12,55
~o,99 | m| | 46,95 | 5698 | 75,13 | 91,78 | 76,86 | 59,50 | | 67,87 | 7,29
_wlw | n | | 6859 | 89,41 [101,86| 78,75 | 77,33 | 69,67 | | 80,94 | 1,49
Wls | ¢||1503|1243|11,24| 9,77 | 1490 | 1326 | | 12,77 | 076
%S |d]| 1618|1803 | 1403 | 925 | 11,46 | 1381 | | 13,79 | 0,95
S |t | | 48,47 | 71,86 | 53,35 | 60,31 | 65,52 | 48,04 | | 57,92 | 579
bXwo |d"| | 3813|6296 | 6313 | 28,54 | 41,26 | 39,09 | | 4552 | 11,62
Lwges 97,51 | 95,58 | 97,14 [105,94|101,03| 67,44 | | 9411 | 482
s;le | 2| ] 775861885450 77,30 | 81,06 | 60,94 | | 6888 | 6,63
~xie | | | 31,49 | 44,56 | 40,00 | 51,19 | 37,90 | 30,45 | | 39,26 | 1,33
~xiy | dz| | 16,70 | 2565 | 21,88 | 31,98 | 3299 | 2818 | | 26,23 | 266
s | r | |4584]2902| 339224353718 3243 || 3379 | 9,07
15 c||3631]2805/| 17,78 | 2629 | 23,77 | 2222 | | 2574 | 4,77
Ao> | 166145159 | 6202|5746 | 63,75 | 5291 | | 5898 | 4,70
ol | m/| [110,04]11504| 9574 |120,49| 92,48 | 81,12 | | 102,48 | 4,13
— | n| |102,15]12372|103,95|118,39| 86,69 | 68,36 | | 100,55 | 4,70
s || |5915] 8552|6927 |9845| 79,80 | 77,63 | | 7831 | 254
5 |d| | 80,92 |107,09| 56,27 | 82,84 | 86,54 | 93,69 | | 84,56 | 270
—w | s | |100,19]147,24|138,98|140,83| 128,32/ 106,02| | 126,93 | 8,36
s> |d3| | 2633|4353 (2743 | 4587|3597 | 3566 | | 3580 | 342
s, |r||5525]|3838]|3718 3467|4586 | 3976 | | 41,85 | 849
o | ||4877] - - - - - 8,13 0,00
N 1 | | 87,28 [106,27| 92,88 |112,56] 72,56 | 70,55 | | 90,35 | 4,73
Jlusugs [t | | 49,88 | 41,06 | 37,61 | 56,79 | 49,50 | 42,48 | | 4622 | 4,29
Lol |d| | 3402 | 36,12 | 1844 | 36,97 | 35,16 | 33,31 | | 32,34 | 10,66




ol | s | | 99,87 | 84,80 | 97,72 [116,56| 81,33 | 91,56 | | 9531 | 4,84
wols | z | | 47,65 | 40,61 | 49,66 | 47,12 | 64,30 | 52,95 | | 50,38 | 11,45
o8> | f | | 2526 | 52,82 | 37,00 | 80,33 | 36,42 | 41,49 | | 4555 | 3,68
oxlig>| d3 | | 17,58 | 20,46 | 38,14 | 2814 | 24,92 | 31,91 | | 2686 | 990
&olS, | ¢ | | 5220 | 40,71 | 21,80 | 3511 | 31,81 | 36,41 | | 36,34 | 14,06
bV | 1| [ 5753|6627 | 7272|8588 | 67,15 | 64,06 | | 6894 | 11,37
Gslio |m | | 73.04 | 68,14 | 64,98 | 94,34 | 7328 | 72,47 | | 7437 | 240
iba | n | | 56,27 | 71,93 | 69,99 | 74,94 | 69,98 | 8553 | | 7144 | 6,18
Lok | t | | 1569 | 14,75 | 1593 | 21,57 | 1654 | 22,47 | | 17,83 | 4724
bols | d| | 11411235 12,06 | 11,13 | 11,07 | 11,78 | | 11,63 | 0,78
Llgtes | ¢ | | 51,66 | 44,48 | 39,07 | 55,58 | 27,39 | 46,23 | | 44,07 | 137
Loias | d"| | 13,85 | 54,20 | 30,57 | 46,23 | 22,55 | 28,79 | | 32,70 | 6,97
PRI 83,89 | 90,59 | 92,98 |108,41|107,51| 71,84 | | 9254 | 6,9
s | z | | 2591 | 40,39 | 50,43 | 69,97 | 63,68 | 48,19 | | 4976 | 5,10
Llet> | ¢f | | 18,00 | 50,00 | 35,78 | 38,26 | 22,88 | 2540 | | 31,72 | 2,62
Jiyi> |d3| | 2239|2157 | 2053 | 41,11 | 27,81 | 2538 | | 2646 | 3,5
iles, |t | | 55,30 | 37,57 | 11,54 | 25,06 | 24,80 | 31,58 | | 30,97 | 6,17
=0 | 1] ] 740686088046 | 7093 | 70,41 | 61,14 | | 7384 | 656
oo | m| |106,14]121,23] 98,15 |120,18| 89,56 | 83,22 | | 103,08 | 5,68
< | n | |11652]11097| 97,64 | 61,81 | 68,17 | 68,94 | | 87,34 | 4,39
S5 | t|[1207] 981 [ 1001|1292 | 11,69 | 1242 | | 11,49 | 1,07
5 |d| 14201311 11,89 | 11,03 ] 1090 | 1413 || 1254 | 0,79
Se5 |t | | 45,72 | 69,00 | 62,63 | 73,37 | 6306 | 6537 | | 63,19 | 167
Ja5 [dv| | 40,71 [105,18] 75,33 | 75,70 | 55,25 | 69,47 | | 70,27 | 11,9
o 111,41 142,57 | 91,68 |149,89(126,38|110,18| | 122,02 | 2576
55 |z ||5384 7624|5041 5580|6009 57,8 || 5904 | 7,26
G | tf | | 27,81 40,85 | 4099 | 6454 | 44,33 | 4457 | | 4385 | 286
o> |d3| | 2599 | 47,44 | 28,71 | 4456 | 38,06 | 2591 | | 3511 | 248
o, |r||4330]3662| 4351|4030 |37,83|4386|| 4090 | 437
) | 1| [51,29] 9543 94,94 13301 89,17 | 62,33 | | 87,70 | 1354
iy | d3| | 16,24 | 44,78 [ 19,74 | 28,60 | 36,41 | 19,17 | | 27,49 | 1,79
Sowiow | r | | 82512333 39,94 | 2699 | 26,71 | 1881 | | 3638 | 287
3
<Jslo | 1| | 62,31 | 51,65 | 67,37 | 7355 | 5359 | 45,16 | | 5894 | 994
JSocwl | m | | 80,30 | 39,49 | 46,60 | 64,74 | 64,11 | - 4920 | 141
5SS | n | | 8219 | 69,48 | 66,33 | 65,77 | 55,80 | 90,41 | | 7166 | 9,63
sobwS | t | | 10,05 | 1393 | 993 | 1503 | 1386 | 1472 | | 1292 | 076




seilwsl| s | | 9059 |100,18|120,86|152,71| 95,63 |103,97| | 11066 | 9,70
S»388 | z | | 56,09 | 59,54 | 47,32 | 59,26 | 60,03 | 52,09 | | 55,72 | 2,29
Saumm | tf | | 27,52 | 7031 | 52,36 | 6898 | 51,79 | 46,25 | | 5287 | 555
soxll> | 1| | 3752 | 5352 | 68,02 | 59,61 | 51,94 | 4943 | | 5334 | 859
b | m| | 87,25 [10565| 95,71 | 83,63 | 82,88 | 71,33 | | 87,74 | 1041
2G| n | | 77,35 |112,46| 87,96 | 8815 | 89,73 | 6245 | | 86,35 | 3,22
J6 | t | | 2339 | 1359 | 10,87 | 11,35 | 16,84 | 17,67 | | 1562 | 143
S5 | d| | 2254 | 1593 | 12,63 | 16,07 | 12,97 | 13,96 | | 1568 | 2,08
olgs | " | | 61,86 | 104,36| 65,67 | 89,35 | 78,86 | 74,41 | | 79,08 | 851
Ja5 | d"| | 39,14 | 96,38 | 36,60 | 81,86 | 82,84 | 7857 | | 69,25 | 558
ol> |ds| | 3L20 3742|1838 3512 | 3202 | 3566 | | 3163 | 4,69
o, |r||9318] 3574|1757 | 4540 | 3820 | 41,71 | | 4530 | 213
GV | 1| |7985|77.42| 80,08 | 90,09 | 87,12 | 64,74 | | 7988 | 508
Jlosiwl | m | | 66,32 | 71,74 | 90,82 | 75,78 | 61,15 | 6591 | | 71,96 | 4,58
Lewswdl| n | | 65,06 | 39,57 | 4529 | 64,73 | 58,65 | 46,66 | | 5333 | 2,55
S
e | t | | 2361 | 2531 | 12,37 | 2059 | 13,25 | 1960 | | 1912 | 3,48
J5,eS | d| | 2993|1323 1246 | 1523 | 948 | 1398 | | 1572 | 185
olpa,| | | 48,39 | 85,60 | 87,16 |106,57| 26,33 | 70,67 | | 70,78 | 1504
JLueiwl| s | | 6555 [104,77(137,83] - | 8392|8391 || 7933 | 6,02
olLsl | 2z | | 72,85 | 47,08 | 4856 | 61,29 | 64,88 | 58,08 | | 58,79 | 6,37
Sl || | 29725380 29,11 | 71,48 | 35,79 | 36,00 | | 42,65 | 3,00
olxsiwl| ds | | 3048 | 36,99 | 2515 | 32,95 | 26,22 | 29,86 | | 30,27 | 3,14
zl=swl | r | | 4082 | 3538 | 51,70 | 31,97 | 30,68 | 2561 | | 36,03 | 4,49
JMawl | 1 | | 65,36 | 72,02 | 98,11 | 81,51 | 67,23 | 68,10 | | 7539 | 5,79
Lo |m| | 7912 | 84,64 | 7588 | 90,05 | 56,94 | 54,47 | | 7352 | 3,92
,Luy | n | | 74,90 | 8344 | 9150 | 89,51 | 81,05 | 89,76 | | 8503 | 6,38
Sylsx | t | | 24,71 | 10,93 | 1589 | 27,70 | 1603 | 2053 | | 19,30 | 391
oSSl | d | | 5223|3513 | 14,04 | 2648 | 1753 | 1600 | | 2690 | 6,05
Llggsl | " - - - - - 000 | 0,00
ipwS| s | | 6390 | 6431 | 69,11 | 77,97 | 71,93 | 63,90 | | 6852 | 4,87
ossosl | z | | 69,98 | 71,94 | 52,00 | 55,07 | 53,58 | 48,60 | | 5853 | 1,17
s, | f | | 3878 | 66,06 | 6328 | 71,44 | 64,28 | 7233 | | 6270 | 4,96
W,>S |ds| | 2990 | 5531 | 29,83 | 49,69 | 29,37 | 27,41 | | 3692 | 871
Llo,> | r | | 48,88 | 56,40 | 42,66 | 40,43 | 39,10 | 28,60 | | 42,68 | 2,98
oS, | ¢ | | 32,83 | 29,09 | 24,97 | 2834 | 2161 | 2458 | | 2690 | 3,38
Sl | 1| 6984|6429 6463 | 69,38 | 7924 | 69,65 | | 69,50 | 3,83




o> | m]| | 87,35|134,49]127,35]139,50|113,18| 98,52 | | 116,73 | 7,21
o> | n | |109,16]130,47|143,23]116,96|102,82| 112,33 | 119,16 | 6,76
&> |t | ]1996 | 17,31 ] 17,65| 1359 | 16,86 | 13,70 | | 1651 | 2,98
5% | d||2713] 22321212 21,16 | 27,11 | 72,44 | | 30,38 | 16,38
: | 124684489 | 70,01 | 4806 | 28,00 | 1846 | | 39,01 | 744
258 |qn| | 2434|7034 | 4366 | 4522 | 21,79 | 17,75 | | 37,18 | 381
o 102,27 (123,51 | 99,14 | 99,91 |103,85| 73,09 | | 100,29 | 8,69
5> | z | |111,59] 7391 | 83,86 | 98,24 | 72,62 | 7572 | | 8599 | 4,27
aw |t | | 4247 ] 7738|5950 | 88,76 | 58,18 | 34,97 | | 6021 | 258
a> |d3||3248 8014|4545 732555953627 || 5392 | 432
2 r | | 49,98 | 40,74 | 4950 | 57,13 | 47,90 | 2870 | | 4566 | 10,27
s> || |4416] 2905|2154 | 31,56 | 28,04 | 2948 | | 30,64 | 3,04
Jo | 1]8608][112,11[119,03]123,99]114,50(/104,90| | 110,10 | 5,81
pXi,é, |m | | 100,54|104,58]115,48| 96,08 [108,66| 83,09 | | 101,40 | 5,98
oSl | n | | 91,26 | 84,49 [109,72(135,85| 96,64 | 77,14 | | 99,18 | 7,56
cosl |t ] 2023] 13,75 14,59 | 11,55 | 1243 | 17,24 | | 1496 | 229
%\, | q|]2777] 1508 | 1253 | 6,00 | 11,50 | 1633 | | 14,87 | 1,92
piwlp>| | | 3586|1802 | 21,93 | 885 | 1571 | 1577 | | 1936 | 523
oudows| s | | 77,16 | 93,17 | 85,08 [131,02| 68,64 | 51,54 | | 84,43 | 10,96
lio | z || 6477]9982] 72828557 | 6757|5943 || 7500 | 3,00
aus)V |t | | 59,63 |101,49] 55,26 | 79,93 | 69,07 | 61,17 | | 71,09 | 865
Srinuo | d3| | 36,40 | 56,71 | 49,84 | 87,71 | 49,04 | 2833 | | 51,34 | 332
iyl | r | ] 3915|4054 | 40,70 | 35,72 | 33,33 | 65,17 | | 4243 | 527
558 | ¢ | | 3243 (3052 | 31,14 | 21,26 | 2864 | 2369 | | 27,94 | 6,28
Jswsl [ 11158846086 | 9200 [10498| 77,20 | 7333 | | 77,87 | 784
oy | m | |111,76]141,97|118,67|127,00| 113,96 | 115,55| | 121,48 | 842
ool | n | [103,44]123,00]109,99|130,03|136,72]108,83| | 11867 | 4,41
UgtpSex| t | | 14,37 | 11,59 | 9,67 | 801 | 12,87 | 17,24 | | 12,29 0,95
lb%,s |d||41,33|3211|2217] 1073|2593 | 21,06 || 2556 | 291
lopswsS| | th | | 15,64 | 56,21 | 40,64 | 78,63 | 70,47 | 50,82 | | 52,07 | 3,51
)
swbo> | s | | 4558 | 68,82 | 61,77 | 88,84 | 7254 | 55,08 | | 6544 | 12,61
S
oSS | 2z | 9846 5797|4320 - [7023]|7049 || 56,73 | 19,88
Cix90 | tf | | 38,04 [10549] 74,98 | 9612 | 8570 | 57,21 | | 7626 | 457
Jizpol [d3| | 39,30 | 39,44 | 30,87 | 88,46 | 5841 | 44,83 | | 5172 | 555
05,58 | ¢ | | 2566 | 32,11 | 32,24 | 31,56 | 35,08 | 31,04 | | 31,28 | 3,78




Ls=lgs | ¢ 40,66 | 35,70 | 29,61 | 27,44 | 26,63 | 30,41 31,74 15,50
allauce | 1 116,07 | 90,60 | 114,59 | 66,31 | 119,73 | 88,93 99,37 2,51
AL m 82,27 |135,72(119,52|115,00| 97,74 | 87,71 106,33 8,03
uls n 25,18 1108,90|113,36|120,64 | 99,16 | 86,89 92,35 2,59
Sl t 2959 | 10,24 | 959 | 8,29 | 11,85 | 12,01 13,60 2,02
sl d 4253 | 10,90 | 12,27 | 16,23 | 26,39 | 13,63 20,33 12,62
plw | th 29,20 | 35,28 | 41,58 | 30,43 | 31,50 | 11,62 29,93 4,32
d3o |dh 25,88 | 72,20 | 140,56 | 79,84 | 28,29 | 23,65 61,74 14,65
wwl 106,56 | 114,37 | 94,76 | 98,92 | 101,40| 68,50 97,42 9,23
g, z 39,86 | 68,70 | 66,54 | 79,54 | 50,93 | 68,34 62,32 8,55
eb tf 47,67 | 104,57 | 53,17 | 77,31 | 57,47 | 42,40 63,77 6,50
ch dz 34,67 | 83,50 | 44,51 | 80,82 | 54,09 | 38,13 55,95 2,30
g r 55,56 | 45,62 | 44,63 | 45,44 | 45,97 | 40,33 46,26 4,76
58 c 23,54 | 3584 | 31,60 | 20,79 | 29,23 | 23,15 27,36 1,63
Ju 1 73,46 | 94,92 | 94,41 | 108,73 |100,78| 70,62 90,48 4,84
plasl | m 78,67 |113,65|107,81| 98,23 | 110,01 | 87,46 99,30 3,10
vlewsSh [ n 78,49 |120,61|110,12| 89,84 | 89,34 | 94,37 97,13 6,00
EuSoll |t 1915 | 748 | 12,77 | 11,19 | 8,13 | 13,39 12,02 1,19
SXswl| d 31,95 | 959 | 1413 | 9,00 | 20,57 | 1554 16,80 5,03
oo | s 92,76 | 93,28 | 99,27 |110,70| 88,90 | 72,03 92,82 4,34
sa9bows | z 66,43 | 66,19 | 59,79 | 105,58 | 64,79 | 67,96 71,79 3,76
2eSxpS tf 32,56 | 62,37 | 49,90 | 67,59 | 58,41 | 32,50 50,55 9,17
eh=iwl | d3 28,30 | 82,71 | 36,65 | 73,72 | 54,80 | 41,71 52,98 6,57
SLglS | r 72,19 | 52,33 | 82,15 | 36,29 | 34,55 | 24,31 50,30 4,68
50L8 | 64,92 | 7,94 | 23,73 | 26,07 | 28,36 | 37,91 31,49 4,61
JwUl 1 75,41 1103,81| 93,11 |100,19| 93,43 | 98,08 94,00 4,36
Appendix K: Minimal Pairs (CONSONANTSfor thefactor “Stress”
Minimal Pairs for Consonant duration analysis for the factor "Stress"
. . Duration | Per centage
Cons Word Minimal Pairs in Differnce| .
context increase
m pilo Str Nv\c,’f” Onset| 2 syl |[Open| | 79,13 | -8,05 -9,24
m wlbw Unstr Non Onset | 2 syl | Close 87,18

wi




Non

S 09 Str W Coda | 2 syl | Close 94,74 -16,60 -14,91
ulao, unStr N\Acl)fn Coda | 2 syl | Close 111,33
. Non 2
pJLo Str wf Onset Syl Open 79,13 6,07 8,31
Jlwo Unstr Nv\c;fn Onset | 2 syl | Open 73,06
jaod Str wf | Onset| 2 syl | Close 74,22 -10,55 -12,44
V) Unstr| wf |Onset| 2 syl |Close 84,77
I35 Str wf | Coda | 2 syl | Close 86,16 -5,57 -6,07
P> 0 LSJt': wf | Coda | 2 syl | Close 91,72
LW Str NV\(,)fn Onset| 3 syl | Close
9>l 0 gtrr] NV\(;fn Onset | 3 syl | Close 75,70
Jlosiwl Str wf | Onset| 3 syl | Close 67,56
oligs sztl: wf | Onset| 3 syl | Close
ey st | "o | Coda |3syl|Close| | 12067 | 4921 | 6887
|, Uwod gtr: Nv\cl)fn Coda | 3 syl | Close 71,46
ol Str wf | Coda | 1 syl | Close 101,28 -10,84 -9,67
£ szt? wf | Coda | 1 syl | Close 112,12
plail Str wf | Coda | 3 syl | Close 96,68 -1,72 -1,75
U
P X0, str; wf | Coda | 3 syl |Close 98,40
S36 Str Nv\c,’f” Onset| 2 syl |Open| | 77,75 | -2,63 -3,28
. Non
Y UNY Unstr W Onset| 2 syl | Close 80,38
Non
iy Str W Coda | 2 syl | Close 103,59 -3,26 -3,05
s> unstr| O | coda | 2 syl |Close| | 106,85




Non 2
bl - - -
S5U Str wi Onset Syl Open 77,75 2,74 3,40
Jly Unstr Nv\c,)fn Onset | 2 syl | Open 80,49
Sl Str wf | Onset| 2 syl | Close 74,05 16,07 27,71
wl= Unstr| wf |Onset| 2 syl |Close 57,98
Oloul Str wf | Coda | 2 syl | Close 95,89 -8,01 -7,71
Un
Jlw Sir wf | Coda | 2 syl | Close 103,90
SIS str | N | onset 3 syl [ Close 73,30 1,76 2,45
Wf L b L
. . Un Non
sl Sir wi |Onset| 3 syl | Close 71,54
Slowgwdl Str wf | Onset| 3 syl | Close 55,24
S gtrr] wf | Onset| 3 syl | Close
. Non
03wl Str wf | €oda | 3syl|Close 119,72 | 36,30 43,51
) Un Non
S, by Sir wi Coda | 3 syl | Close 83,42
uls Str wf | Coda | 1 syl | Close 85,20 -28,11 -24,81
wd LSJt': wf | Coda | 1 syl | Close 113,31
uliLwsS| Str wf | Coda | 3 syl | Close 93,34 -2,28 -2,38
Un
oSl oir wf | Coda | 3 syl | Close 95,62
Non 2
b
RN, Str wf Onset Syl Open 12,19 0,94 8,39
I Non
0955 Unstr wi Onset | 2 syl | Open 11,25
gSIJ:'BS Str wf | Onset| 2 syl | Close 16,28 1,23 8,14
o Unstr | wf |Onset| 2 syl | Close 15,05
SlSq) Str wf | Coda | 2 syl | Close 13,94 -3,44 -19,80
Eoopo YN 1wt | coda|2syl|Close| | 17,38

str




Non

Saokaws Str wi | Onset| 3 syl | Close 13,41 -4,80 -26,37
L Un Non
[,935 Sty " Onset | 3 syl | Close 18,21
ORI9 Str wf | Onset| 3 syl | Close 20,20
Un
b 2.
S S Sir wf | Onset| 3 syl | Close
P Non
ugigs_o; Str W Coda | 3 syl | Close 13,15 -6,90 -34,43
Un Non
b
Sl atr wi | Coda | 3syl|Close 20,05
o> Str wf | Coda | 1 syl |Close 14,97 -1,41 -8,62
s O | wt |Coda|1syl|Close| | 16,38
EuSol Str wf | Coda | 3 syl | Close 12,15 -3,15 -20,61
Un
b « b
S, str wf | Coda | 3 syl | Close 15,31
Non
NS Str W Onset | 2 syl | Open 12,19 -9,03 -42,56
T Non
< 9d Unstr| . |Onset 2 syl | Close 21,22
k> str | NN | coda | 2syl|Close| | 19,08 | -808 | -2076
- Non
Hlosy unStr wi Coda | 2 syl | Close 27,16
bz Non
S93S Str " Coda | 2 syl | Close 28,95 2,46 9,27
L Non
ol UnsStr| "¢ | Coda | 2syl | Close 26,50
v Non 2
wJos Str wi | Onset Syl Open 19,02 6,06 46,77
L1858 Unstr N\Acl)fn Onset | 2 syl | Open 12,96
JIXs Str wf | Onset| 2 syl | Close 19,85 8,19 70,26
Xy Unstr| wf |Onset| 2 syl |Close 11,66
TiopS Str wf | Coda | 2 syl | Close 14,05
5ol Un wf | Coda | 2 syl | Close

Str




Non

d SIS, Str wi | Onset| 3 syl Close
b Un Non
d logly3 Sir Y Onset | 3 syl | Close 11,53 11,53
d L5150,98 Str | wf |Onset|3syl|Close 16,61
d )Slio.?, l;t? wf | Onset| 3 syl | Close
d lg 55,3 str | NON | coda | 3syl|Close| | 2677 | -2,56 -8,73
9 wi ’ : -
Un Non
b b
d EuSosl str wi | €oda | 3 syl | Close 29,33
d sl, Str wf | Coda | 1 syl | Close 22,87 | -12,53 -35,40
d 50 gt? wf | Coda | 1syl |Close| | 35,40
d 5, Xuswl Str | wf | Coda | 3syl|Close 18,22 2,35 14,81
d o\, o' | wt |Coda|3syl|Close| | 1587
d NS str | N |onset| 2syl|open| | 1902 | 7,30 62,35
9 Wf ’ 1 b
b Non
d oolws Unstr| ° ¢ |Onset| 2syl|Close 11,71
P Non
th2 S Str wf | coda | 2 syl | Close 79,36 11,93 17,69
- Non
th2 Hlopsy UnStr wi Coda | 2 syl | Close 67,43
th2 5 str | N |onset| 2 |open| | 49,25 | 15,12 44,30
2Sops wi syl | -P , , ,
: : Non
th2 ulSps Unstr wi Onset | 2 syl | Open 34,13
th2 dg‘gi—gj” Str wf | Onset| 2 syl | Close 45,38 8,25 22,22
th2 S Unstr| wf |Onset|2syl|Close| | 37,13
th2 295> Str wf | Coda | 2 syl | Close 37,32 12,33 49,32
Un
b .
th2 g str wf | Coda | 2 syl | Close 25,00
L Non
th2 | s> Str wi | Onset| 3syl| Close




Un

Non

th2 |, Lpps Sty wi |Onset| 3 syl | Close 44,52
th2 | wlpiaw,y Str wf | Onset| 3 syl | Close 64,34
th2 gtr: wf | Onset| 3 syl | Close
th2 | olggzwsl | | str | N | coda |3syl|Close| | 52,90
Wf L
Un Non
b
th2 Llgpsl oir wi | Coda | 3syl|Close
th2 2ilw Str wf | Coda | 1 syl | Close 27,02 -4,27 -13,66
Un
b
th2 24 Sir wf | Coda | 1 syl | Close 31,30
th2 Str wf | Coda | 3 syl | Close
Un
b
th2 | piwlep> Sir wf | Coda | 3 syl | Close 19,44
th2 JSops str | N |onset| 2syl|Open| | 4925 | o001 0,02
”J Wf L 1 1
¢ T Non
th2 Sapd Unstr| " |Onset| 2 syl | Close 49,24
dh2 a5 str | VO lonset| 2 |open| | 81,55 | 5,65 7,45
UJJ) Wf Syl ’ ’ ’
dh2 oMa> Unstr Nv\c,)fn Onset | 2 syl | Open 75,90
dh2 | Jbiw Str wf |Onset| 2 syl | Close 79,22 34,64 77,71
dh2 |  |a3¢> Unstr| wf |Onset| 2 syl|Close 44,58
é b Non
dh2 B39l Str wi Onset | 3 syl | Close
b b Un Non
dh2 o dids Sir " Onset | 3 syl | Close 31,23
dh2 3o Str wf | Coda | 1 syl | Close 42,63 9,18 27,43
dh2 35 gt? wf | Coda | 1 syl | Close 33,45
dh2 s str | N |onset| 2syl|Open| | 8155 | 32,36 65,79
L).AJ) Wf ] ’ ’
dh2 RN Unstr Nv\c[)fn Onset| 2 syl | Close 49,19




Non

dh2 S,ax8 Str wi | Coda | 2syl| Close 48,63
dh2 } UnStr Nv\c[)fn Coda | 2 syl | Close

. Non
s wnpilw Str " Onset | 2 syl | Open 91,41 -2,56 -2,72
s slew Unstr N\Acl)fn Onset| 2 syl | Close 93,97

Non
S Soawd Str wf Coda | 2 syl | Close 61,32 -9,59 -13,52
s &lows Unstr| o' | Coda |2yl |Close| | 7091
s il str | NO" lonset| 2 |open| | 9141 | -860 8,60
S\ wi Syl , ’ ,

s whow Unstr Nv\?fn Onset | 2 syl | Open 100,01
S Pau b Str wf | Onset| 2 syl | Close 123,01 20,87 20,43
S oWy Unstr | wf |Onset| 2 syl | Close 102,14
s wweli > Str wf | Coda | 2 syl | Close 85,64 3,78 4,62
s | ouSap O | wt |Coda|2syl|Close| | 8185

. ; Non
s Soi sl Str : Onset | 3 syl | Close 106,63 14,97 16,33
s | o S,w gtr; Nv\?fn Onset| 3 syl |Close| | 91,66
s Hlwesowl Str wf | Onset| 3 syl | Close
s UV l:tr; wf | Onset| 3 syl | Close
s | Stwlbo> Str Nv\c,’f” Coda | 3syl [Close| | 64,77 | -333 -4,89
s ki S gtrr] Nv\c;fn Coda | 3 syl | Close 68,09
s g Str wf | Coda | 1 syl | Close 96,98 -2,30 -2,31

Un

S U str wf | Coda | 1 syl | Close 99,28
s o Lo Str wf | Coda | 3 syl | Close 90,37 9,15 11,27




Un

VIV str wf | Coda | 3 syl | Close 81,22

Jools st | NO" onset| 25syl| Open| | 5802 | -691 | -1065
L5 Unstr Nv\c,)fn Onset | 2 syl | Close 64,93

09;C Str N\Acl)fn Coda | 2 syl | Close 74,62 -1,25 -1,65
wlgse UnStr Nv\c,)fn Coda | 2 syl | Close 75,87

Non 2

)Spl) Str wf Onset Syl Open 58,02 -6,30 -9,80
oD Unstr N\Ac/)fn Onset| 2 syl | Open 64,32

VALY, Str wf | Onset| 2 syl | Close

uils Unstr| wf |Onset| 2 syl |Close 58,13

9i Str wif Coda | 2 syl | Close 71,83 2,63 3,80
53S0 Lthr: wf | Coda | 2 syl | Close 69,20

S,565 Str Nvff’f” Onset| 3 syl |Close| | 57,18 | 8,17 16,66
JNCST sztl: Nv\c,)fn Onset| 3 syl | Close 49,01

wl;l,el Str wf | Onset| 3 syl | Close 61,57

&,5lso LSJt': wf | Onset| 3 syl | Close
oSSy Str Nv\cl)fn Coda | 3 syl | Close

o_sg,o)'i lsjt? Nv\(,)fn Coda | 3 syl | Close 59,43

5 Str wf Coda | 1 syl | Close 60,07 -26,39 -30,52
> gtr: wf | Coda | 1 syl | Close 86,45
su9liow> Str wf | Coda | 3 syl | Close 72,89 -0,62 -0,85
5ol un wf | Coda | 3 syl | Close 73,51 73,51

str




Non

ch2 Sl Str wi Onset | 2 syl | Open 37,28 -3,32 -8,17
ch2 Jl Unstr Non Onset | 2 syl | Close 40,60
= wf J
Non
ch2 M=o Str wi Coda | 2 syl | Close 60,91 2,14 3,64
ch2 LS UnStr Nv\?fn Coda | 2 syl | Close 58,77
ch2 |  oSls str | NON lonset| 2 |open| | 37.28 | 1,86 524
wf Syl ' ’ '
. Non
ch2 o> Unstr : Onset | 2 syl | Open 35,42
ch2 US-;)J Str wf | Onset| 2 syl | Close 51,21 5,46 11,93
ch2 >2S Unstr| wf |Onset|2syl|Close| | 45,75
ch2 Cw_wfs Str wf | Coda | 2 syl | Close 54,54 -5,28 -8,82
Un
ch2 aJV Sy wf | Coda | 2 syl | Close 59,82
ch2 | sSaumwm str | N |onset|3syl|Close| | 51,12 | 21,68 73,64
o Wf ’ [} y
Un Non
b
ch2 | s> Sir wi Onset | 3 syl | Close 29,44
ch2 L=l Str wf | Onset| 3 syl | Close 43,44
L Un
ch2 JCC) str wf | Onset| 3 syl | Close
h2 - str | N°" | coda |3syl|cl 73,81 | 11,92 19,26
c SN 9.0 5 r wf oda | 3 sy ose , , ,
Un Non
ch2 S8y oir wi Coda | 3 syl | Close 61,89
ch2 ezl Str wf | Coda | 1 syl | Close 63,10 5,27 9,12
Un
ch2 aw str wf | Coda | 1 syl | Close 57,83
ch2 | 2pS%pS Str | wf |Coda |3 syl |Close 49,09 | -2334 -32,22
) Un
ch2 auglV str wf | Coda | 3 syl | Close 72,43
Non
dz 0w Str W Coda | 2 syl | Close 36,76 -0,47 -1,26
dz ol,=S UnStr| Non | Coda | 2 syl |Close 37,23




Non

dz ool> Str wi Onset Syl Open 34,22 6,15 21,91
dz > Unstr Non Onset | 2 syl | Open 28,07
UNS = wf ;
dz ulxl Str wf | Onset| 2 syl | Close 32,98 -0,07 -0,20
dz Py Unstr| wf |Onset| 2 syl |Close 33,05
dz ELQ_A.U Str wf | Coda | 2 syl | Close 50,58 -1,46 -2,81
Un
dz zolpy Sir wf | Coda | 2 syl | Close 52,05
dZ | sSausuiow str | N | onset 3 syl [ Close
= wf
. Un Non
dz R > str W Onset | 3 syl | Close 27,24
dZ | olasiwl Str wf | Onset| 3 syl | Close 30,89 2,70 9,58
. Un
dz oy str wf | Onset| 3 syl | Close 28,19
dZ | Jizwel str | NN | coda|3syl|Close| | 5299 | 1623 | 4415
)9 wf ' ' ’
P Un Non
dz W ,=S Sty wi | Coda | 3syl|Close 36,76
dz ch Str wf | Coda | 1 syl | Close 55,59 2,31 4,34
Un
dz o> str wf | Coda | 1 syl | Close 53,28
dz zhzawl Str wf | Coda | 3 syl | Close 53,81 4,46 9,03
- Un
dz oo str wf | Coda | 3 syl | Close 49,35
dz ol> str | NOM | onset| 2 syl |Open| | 34,22 6,59 23,84
U= wf , , ,
Non
dz Jl==> Unstr| " |Onset| 2 syl | Close 27,63
r 5 str | NOM | onset| 2syl |Open| | 5277 | 23.93 82,99
d\’g) va ’ ’ ’
r ulao, Unstr N\Ac/)fn Onset | 2 syl | Close 28,84




Non

r 0, Str W Coda | 2 syl | Close 45,46 7,55 19,93
Non
r wlS,> unStr " Coda | 2 syl | Close 37,90
Non 2
b
r w9, Str wf Onset Syl Open 52,77 7,65 16,95
r Jbo, Unstr Nv\c,’f” Onset| 2 syl |Open| | 4512 | 4512
r JUgL-Y Str wf | Onset| 2 syl | Close 45,00 6,37 16,50
r > Unstr | wf |Onset| 2 syl | Close 38,62
r VRV Str wf | Coda | 2 syl | Close 42,48 5,78 15,76
. un
r Il oy wf | Coda | 2 syl | Close 36,69
. Non
r <9le> Str wi |Onset| 3 syl | Close
. Un Non
r wvlgo, Sty wi | Onset| 3syl| Close 35,26
r zhzswl Str wf | Onset| 3 syl | Close 32,81 -4,03 -10,94
) . Un
r O HSowsow str wf | Onset| 3 syl | Close 36,84
i 05,5,18 str | NON | coda|3syl|Close| | 31,01 | -11,04 | -2625
) Wf L L 1
Un Non
r Llg,> otr wi | Coda | 3syl|Close 42,04
r P Str wf | Coda | 1 syl | Close 46,70 2,26 5,08
Un
r Be str wf | Coda | 1 syl | Close 44,44
r Hlg,lS Str wf | Coda | 3 syl | Close 43,89 0,60 1,38
. Un
r JUWIVY oir wf | Coda | 3 syl | Close 43,30
Non
rr2 Unstr W Onset| 2 syl | Close
W& Non
rr2 o5s Str W Coda | 2 syl | Close 35,52 -13,29 -27,23
. Non
re2 JUs, UnStr wi Coda | 2 syl | Close 48,81




re2 plia> Str wf | Onset| 2 syl | Close 39,02 13,30 51,71
rr2 J50pS Unstr | wf |Onset| 2 syl |Close 25,72
re2 j,_;_;S Str wf | Coda | 2 syl | Close 25,94 -2,59 -9,07
rr2 38 szt? wf | Coda | 2 syl |Close 28,53
Non
rr2 Ls=lpy Str wi | Coda | 3syl|Close 32,24 5,10 18,81
. Un Non
re2 Ugs5s Sir wi Coda | 3 syl | Close 27,13
re2 =8 Str wf | Coda | 1 syl |Close 26,31 -6,39 -19,54
. Un
rr2 5> str wf | Coda | 1 syl | Close 32,70
rr2 50508 Str wf | Coda | 3 syl | Close 34,82 7,36 26,79
m2 | 55Koex o' | wt |Coda|3syl|Close| | 27.46
| 2\J str | NOM | onset| 2syl |Open| | 7530 | -2,76 -3,53
)s Wf L L L
I LU Unstr N\A?fn Onset | 2 syl | Close 78,06
Non
I Ll> Str wi | €oda | 2 syl | Close 90,44 18,00 24,85
I uldo unStr N\A?fn Coda | 2 syl | Close 72,45
| -\ str | NO" lonset| 2 |open| | 7530 | 4,38 6,18
> wf Syl ' ’ '
I blJ Unstr Nv\c[)fn Onset | 2 syl | Open 70,91
I SV Str wf | Onset| 2 syl | Close 59,48 -8,23 -12,15
I SJL Unstr| wf |Onset| 2 syl |Close 67,71
I JJ_)._.@ Str wf | Coda | 2 syl | Close 82,40 4,87 6,28
& Un
I JSL Sir wf | Coda | 2 syl | Close 77,52
| . str | NO" |onset|3syl|Close| | 4972 | 2214 | -30,81
).& > Wf ’ ’ ’




Un Non
I x4l Sty wi Onset | 3 syl | Close 71,86
I JMawl Str wf | Onset| 3 syl | Close 70,19 13,53 23,88
I sl ':SJt'; wf | Onset| 3 syl | Close 56,66
@ Non
I allauce Str wi | €oda | 3 syl | Close 98,31 27,43 38,70
Un Non
I S, ladl Sir " Coda | 3 syl | Close 70,88
I Ju Str wf | Coda | 1 syl | Close 88,35 -18,88 -17,61
Un
I Jo Sir wf | Coda | 1 syl | Close 107,23
I JuUl Str wf | Coda | 3 syl | Close 93,31 19,15 25,82
T Un
b
I |l Sir wf | Coda | 3 syl | Close 74,17

Appendix L: Minimal Pairs (CONSONANTS for the factor “"Position in Word
(Word initial / Word final)”

Minimal Pairs for Consonant duration analysis for the factor "Position in word (Word

initial / non word initial)"

Cons| Word Minimal Pairs i?%gﬁ:g;t Differnce Pierr]((::ren%.::ge
m plail Str wf | Coda s?/I Close 96,68 23,99 24,81
m | ey st | N | Coda S?,I Close| | 120,67

m Caoud Unstr| wf |Onset S§/| Close 84,77 2,41 2,84
m wlbw lSJt': Nv\cl)fn Onset sil Close 87,18

0




P> )0 Unstr| wf coda syl Close 91,72 19,61 21,38
- Non 2
ulao, Unstr wi Coda syl Close 111,33
. 2
~0,99 Unstr| wf |Onset syl Open 65,53 7,53 11,50
. Non 2
Jlwo Unstr| ° . | Onset syl Open 73,06
N Non 3
9>l 0 Unstr wi Onset syl Close 75,70
Jlosiwl Str wf | Onset S:;I Close 67,56
P Non 3
S ouwl Str wi Onset syl Close
olx ...SL__,. Str wf Coda s:;I Close 93,34 26,38 28,26
. Non 3
0wl Str | | Coda syl Close 119,72
wil> Unstr| wf |Onset si/l Close 57,98 22,40 38,64
. Un Non 2
YUY str wf Onset syl Close 80,38
2
Jlw Unstr| wf coda syl Close 103,90 2,95 2,84
- Non 2
Jl=> Unstr wi Coda syl Close 106,85
_ 2
wolw Unstr| wf |Onset syl Open 75,94 4,55 5,99
. Non 2
Jlo Unstr wi Onset syl Open 80,49
. . Non 3
wl)@ Unstr wi Onset syl Close 71,54




Slowgwdl Str wf | Onset syl Close 55,24 18,05 32,68
é . Non 3
S uaS Str wi | onset syl Close 73,30
EuSoll Str wf | Coda s:;l Close 12,15 1,00 8,22
& Non 3
b
UgLpSo> Str wi Coda syl Close 13,15
2
b
u,l... Unstr| wf |Onset syl Close 15,05 6,17 41,01
T Un Non 2
b
< auf str wf | Onset syl Close 21,22
. 2
b
Cio,p> Unstr| wf coda syl Close 17,38 9,79 56,31
lo Unstr| N°" | coda| 2, |Close 27,16
I wf syl '
LS Unstr| wf |Onset sill Open 13,30 -2,05 -15,42
z Non 2
b
5955 unstr wf Onset syl Open 11,25
Non 3
by
|95 Unstr wi Onset syl Close 18,21
3
O2I9 Str wf | Onset syl Close 20,20 -6,79 -33,61
r VRS str | N Tonset| 3 | close 13,41
DA wf Sy| ’
555wl | | Str | w |cCoda S:;’II Close| | 1822 | 855 46,91
L. Non 3
IS_)J)S Str wi Coda syl Close 26,77




d oy Unstr| wf |Onset syl Close 11,66 0,06 0,48
b un Non 2
d olews Sty wi | Onset syl Close 11,71
b 1 2
d ol Unstr| wf | coda oyl Close
L Non 2
d ol Unstr| & | Coda syl Close 26,50
d XS Unstr| wf |Onset sfll Open 13,76 -0,80 -5,81
v Non 2
d LS Unstr wi Onset syl Open 12,96
v Non 3
d logly3 unstr wi Onset syl Close 11,53
3
b
d Hlu,eS Str wf | Onset syl Close 16,61
2
b
th2 Spiu Unstr| wf |Onset syl Close 37,13 12,11 32,63
é I Un Non 2
.o b
th2 JRTY str wi | Onset syl Close 49,24
2
b .
th2 a9 Unstr| wf | coda syl Close 25,00 42,43 169,76
-~ Non 2
b
th2 Hlops Unstr| = Coda syl Close 67,43
2
b - -
th2 LpseS Unstr| wf |Onset syl Open 58,03 23,90 41,19
2 Non 2
. b
th2 ulSps Unstr W Onset syl Open 34,13
th2 |, lpxps Unstr| NN | onset| 3 |close 44,52
) wf syl '




. b oo
th2 | olpias, Str wf | Onset syl Close 64,34
th2 Str wf | Coda 3 Close
syl
Non 3
b
th2 | ulgpiwsl Str wi Coda syl Close 52,90
dh2 Str wf | Coda 3 Close
syl
dh2 Str Non Coda 3 Close
wf syl
2
b
dh2 | J&3¢> Unstr| wf |Onset syl Close 44,58 4,61 10,35
b D un Non 2
dh2 Hluas Sty wi Onset syl Close 49,19
dh2 | (®Xuo | |Unstr| wf |Onset Sil Open| | 4158 | 3432 82,55
. b Non 2
dh2 oMa> Unstr| * " | Onset syl Open 75,90
b b Non 3
dh2 LRV Unstr wi Onset syl Close 31,23
s o L Str wf | Coda syl Close 90,37 25,60 28,33
s Swlio> str | NN | coda | 3 |close 64,77
: wf syl
S owgy Unstr| wf |Onset S§I| Close 102,14 -8,17 -8,00
Un Non 2
S slew str W Onset syl Close 93,97
= 2
s oS g Unstr| wf | coda syl Close 81,85 -10,94 -13,37
. @ Non 2
S CI""S Unstr wf Coda syl Close 70,91




Lwgps Unstr| wf |Onset syl Open 92,69 7,32 7,90
Non 2
olow Unstr| ~ ¢ | Onset syl Open 100,01
b Non 3
<o S Unstr| * ¢ | Onset syl Close 91,66
] . Non 3
Sgiludl Str wi Onset syl Close 106,63
99liow> Str wf | Coda S:;I Close 72,89
oSSl str | N I coda| 3 | close
LU wf syl
95L>. Unstr| wf |Onset S§I| Close 58,13 6,80 11,70
- Un | Non 2
L5 Sty wi Onset syl Close 64,93
35S 0 Unstr| wf coda si/l Close 69,20 6,66 9,63
Slg ;6 Unstr Non Coda 2 Close 75,87
“lore wi syl :
S;le Unstr| wf |Onset sill Open 71,99 -7,67 -10,65
. Non 2
oD Unstr wf Onset syl Open 64,32
. Non 3
VST Unstr| ~ ¢ | Onset syl Close 49,01
wl;l,8l Str wf | Onset s?/l Close 61,57 -4,39 -7,13
0S str | NN I onset| 3 | close 57,18
Sx395 wf syl ’




ch2 | zpSlxpS Str wf | Coda syl Close 49,09 24,72 50,35
) Non 3
ch2 | su>g90, Str wf | €oda syl Close 73,81
2
b - -
ch2 58 Unstr| wf |Onset syl Close 45,75 5,16 11,27
B Un Non 2
ch2 Jlix> Sty wi | onset syl Close 40,60
ch2 aJV Unstr| wf | coda 2 Close 59,82 -1,05 -1,76
syl
ch2 L=S Unstr Non Coda 2 Close 58,77
e wf syl '
ch2 AE Unstr| wf |Onset sfll Open 38,14 -2,72 -7,13
Non 2
b
ch2 ul> Unstr wi Onset syl Open 35,42
ch2 [, s> Unstr Non Onset 3 Close 29,44
- wf syl '
ch2 L=l Str | wf |Onset s?/I Close 43,44 7,68 17,68
ch2 | sSuxw str | NO" |onset| 3 |close 51,12
e wf syl '
2
dz Py Unstr| wf |Onset syl Close 33,05 -5,42 -16,39
) un Non 2
dz Jl=x= Sty wi | onset syl Close 27,63
. 3 . )
dz chzswl Str wf | Coda syl Close 53,81 0,82 1,52
i Non 3
dz J*?-!.)Sl Str wi Coda syl Close 52,99




dz colpy Unstr| wf | coda syl Close 52,05 -14,82 -28,47
) P Non 2
dz =S Unstr| & | Coda syl Close 37,23
dz eIy Unstr| wf |Onset si/l Open 26,91 1,16 4,31
Non 2
dz wwgwl> Unstr wf Onset syl Open 28,07
) 3
dz iy Unstr| wf |Onset syl Close 28,19 -0,95 -3,36
Non 3
b .
dz R > Unstr wf Onset syl Close 27,24
dz | olxswl Str | wf |Onset sill Close 30,89
& Non 3
dZ | sSauzsow Str wi | onset syl Close
3
r Llg,lS Str | wf | Coda syl Close 43,89 -12,89 -29,36
Non 3
r 05,518 Str wi Coda syl Close 31,01
. 2 - -
r O > Unstr| wf |Onset syl Close 38,62 9,79 25,34
'y Un Non 2
r ulao, Sty wi Onset syl Close 28,84
. 2
r )9LS Unstr| wf coda syl Close 36,69 1,21 3,30
. Non 2
r wlS,> Unstr wf Coda syl Close 37,90
2
r l,9s Unstr| wf |Onset syl Open 34,55 10,57 30,59
= Non 2
r .,Jl_o) Unstr wi Onset syl Open 45,12




r U)SM._W Unstr| wf |Onset syl Close 36,84 -1,58 -4,29
e Non 3
r wvleo, Unstr| * & | Onset syl Close 35,26
3
r zhziwl Str wf | Onset syl Close 32,81
. Non 3
r < 9le> Str wi | Onset syl Close
2 | 5508 str | wf |Coda s?u Close| | 3482 | -2,59 7,43
Non 3
b
rr2 Ls=lpy Str | " | Coda syl Close 32,24
2
b
re2 J59pS Unstr| wf |Onset syl Close 25,72
rr2 Un Non Onset 2 Close
str wf syl
re2 38 Unstr| wf | coda sfll Close 28,53 20,28 71,09
Non 2
b
re2 JUs, Unstr wi Coda syl Close 48,81
2
b
re2 |)9S Unstr| wf |Onset syl Open 27,35
re2 unstr Non Onset 2 Open
wf syl
3
I Jwll Str | wf | Coda syl Close 93,31 5,00 5,36
& Non 3
I allaue Str wi | €oda syl Close 98,31
I SJL Unstr| wf |Onset sill Close 67,71 10,34 15,28
Un Non 2
I )lSII str wf Onset syl Close 78,06




[ JSL Unstr| wf coda syl Close 77,52 -5,08 -6,55
[ 5l Unstr Non Coda 2 Close 72,45
v wi syl :
I o> Unstr| wf |Onset si/l Open 58,80 12,12 20,61
| bls unstr| N°" |onset| 2 |open| | 70,91
wf syl ’
| cJsbo | |Unstr| wf |Onset s?/I Close| | 56,66 | 15,20 26,83
I )‘:J Unstr Non Onset 3 Close 71,86
>, wf syl :
BN str | wf |Onset :;I Close| | 70,19 | -2046 | -29,16
I s Str Non Onset 3 Close 49,72
> : wf syl '

Appendix M: Minimal Pairs (CONSONANTS for the factor “Position in
syllable ( Onset / Coda )”

Minimal Pairs for Consonant duration analysis for the factor "Position in syllable (

Onset / Coda)"
Duration Per centage
Cons Word Minimal Pairs in Differnce incr
context ease
m olas unstr| NN | coda| 2 |Close| | 111,33 | 24,15 27,70
- wi syl ' ’ '
. Un Non 2
m ulbw Sir wi Onset syl Close 87,18
m P> 50 Unstr| wf coda si/l Close 91,72 6,95 8,20
m Caoud Unstr| wf |Onset S§/| Close 84,77
p|>9§ Str wf Coda sf/l Close 86,16 11,93 16,07
0d 74,22




P> Unstr| wf Coda syl Close 112,12 9,90 9,69
1
Y Unstr| wf |Onset syl Close 102,22
3
b .
Py ,0, Unstr| wf | Coda syl Close 98,40
. Non 3
A0S Str wf | €oda syl Close 120,67
P Non 3
S ool Str wi Onset 5yl Close
pl.; Str wf Coda Si/l Close 101,28 16,07 18,87
1
5o Str wf | Onset syl Close 85,20
ol Str | wf | Coda Sil Close| | 96,68 | 29,12 43,10
Jlosiwl Str wf | Onset s?/I Close 67,56
. Non 3
|, Uwod Unstr wi Coda 5yl Close 71,46 -4,24 -5,60
o Non 3
Wl ,50 Unstr wi Onset syl Close 75,70
Jlsu> Unstr N\A‘,’f” Coda Sf/l Close| | 106,85 | 26,47 32,92
. Un Non 2
Y UNY str wi Onset syl Close 80,38
2
Jlw Unstr| wf coda syl Close 103,90 45,92 79,19
wil> Unstr| wf |Onset si/l Close 57,98
Oloul Str wf | Coda sill Close 95,89 21,84 29,50
Sl 74,05




W Unstr| wf Coda syl Close 113,31 28,15 33,06
wJ Unstr| wf |Onset S])-/| Close 85,16
3
oSl Unstr| wf | Coda syl Close 95,62
. Non 3
o_h__,L, Str W Coda syl Close 119,72 46,43 63,34
é. Non 3
S AuS Str wi | Onset syl Close 73,30
ol str | wf |Coda 511 | close| | 8520 | 076 0,89
@l) Str wf | Onset 1 Close 84,44
syl
olx ...Sl_._,. Str wf | Coda si/l Close 93,34
) : 3
Slowg sl Str wf | Onset syl Close 55,24
) Non 3
S, luy Unstr wi Coda syl Close 83,42 11,88 16,61
i . Non 3
sl Unstr| " ¢ | Onset 5yl Close 71,54
las, unstr| NN | coda | 2 |Close 27,16 5,94 27,98
J 9” Wf syl ] ] y
T Un Non 2
b
< Gand str wi Onset syl Close 21,22
» 2
b
S0y p> Unstr| wf | coda syl Close 17,38 2,33 15,46
2
b
ilw Unstr| wf |Onset syl Close 15,05
2
b - -
SlSg) Str wf | Coda syl Close 13,94 2,34 14,37
Slps 16,28
S Unstr| wf | Coda L Close 16,38 4,55 38,47

syl




S5 Unstr| wf |Onset syl Close 11,83
3
- b
Sl Unstr| wf | Coda syl Close 15,31
P Non 3
b - -
UgLpSo> Str wi Coda syl Close 13,15 0,26 1,93
Seows Str N\Ac;fn Onset S§/| Close 13,41
Sl Str wf | Coda S])-/| Close 14,97 -2,05 -12,07
Jb Str wf | Onset si/l Close 17,02
d,.,,Sg_LI Str wf | Coda ss;l Close 12,15 -8,04 -39,83
3
b
U9 Str wf | Onset syl Close 20,20
Non 3
b
S)loy Unstr| ¢ | Coda 5l Close 20,05 1,84 10,13
Non 3
by
I)g_w Unstr wi Onset 5yl Close 18,21
b Non 2
ol Unstr| * ¢ | Coda syl Close 26,50 14,78 126,18
b Un Non 2
olews ofr wi | Onset 5yl Close 11,71
5ol Unstr| wf | coda | 2 |Close
syl
Xy Unstr| wf |Onset sil Close 11,66
5 2
b 1 - -
LopS Str wif Coda syl Close 14,05 5,80 29,24
JI%i> 19,85
50 Unstr| wf |Coda st /|Close| | 3540 | 2266 | 177,81
58 Unstr| wf |onset| 1 |Close 12,74

syl




d 55 o\ Unstr| wf | Coda o Close 15,87
L. Non 3
d lg 35,8 Str wi Coda syl Close 26,77
d N B Str wf Coda si/l Close 22,87 6,54 40,08
d Sl Str wf | Onset si/l Close 16,32
d | Siukwl | | Sr | wi |Coda| g |Close| | 1822 | 161 9,71
b 3
d Hl3)eS Str wf | Onset syl Close 16,61
d | EuSesl unstr| N°" | coda| 3 |close| | 2033 | 17,80 | 15445
A9 wf syl : : :
b Non 3
d Losl_J___s Unstr wi Onset 5yl Close 11,53
th2 lao, unstr| N°" | coda | 2, |close| | 67,43 | 18,19 36,93
)W Wf Syl 1 I 1]
¢ I Un Non 2
th2 o Sops str wi Onset syl Close 49,24
2
b - - -
th2 P9 Unstr| wf coda syl Close 25,00 12,13 32,68
2
b
th2 Spiu Unstr| wf |Onset syl Close 37,13
2
b - -
th2 295> Str wf | Coda syl Close 37,32 8,05 17,75
th2 | Jgpkps 45,38
th2 24 Unstr| wf |Coda| >, |Close| | 31,30 | -31,13 | -49.87
syl
¢ . 1
th2 SpJ Unstr| wf |Onset syl Close 62,43
th2 | ptwlp> Unstr| wf |Coda| >, |Close 19,44

syl




Non

b
th2 | UlgpiuuSl Str wi Coda syl Close 52,90
th2 .95Lw Str wf Coda S])-/| Close 27,02 -53,07 -66,26
1
. b
th2 ulgs Str wf | Onset syl Close 80,09
3
. b oo
th2 | ulpzu,y Str wf | Onset syl Close 64,34
Non 3
b _b
th2 |)L&-&*-BJ Unstr wi Onset 5yl Close 44,52
dh2 B Unstr N\Ac;fn Coda | 2. |Close
syl
b B un Non 2
dh2 Hlias oir wi Onset syl Close 49,19
dh2 Unstr| wf coda si/l Close
2
b
dh2 Jo3g> Unstr| wf |Onset syl Close 44,58
dh2 Str wf Coda S§/| Close
dh2 | Jbiw 79,22
dh2 58 Unstr| wf | Coda sill Close 33,45 -33,45 -50,00
1
b
dh2 Jo3 Unstr| wf |Onset syl Close 66,91
dh2 Unstr| wf Coda s?/I Close
dh2 .&.Ji,o Str wf Coda Si/l Close 42,63 -31,64 -42.60
dh2 Jb3 Str wi |onset| 1 |close 74,27

syl




Non

b, b
dh2 olids Unstr wi Onset syl Close 31,23
. @ Non 2 ) )
[ CI' S Unstr wi Coda syl Close 70,91 23,06 24,54
Un Non 2
s slew str wi | Oonset syl Close 93,97
s 2
S uuS)aJ Unstr| wf coda syl Close 81,85 -20,29 -19,86
) 2
S Wy Unstr| wf |Onset syl Close 102,14
2
S owels > Str wf | Coda syl Close 85,64 -37,37 -30,38
s Okl 123,01
s U Unstr| wf | Coda L Close 99,28 -26,79 -21,25
i syl
1
S O Unstr| wf |Onset syl Close 126,07
. 3
S U D Unstr| wf Coda syl Close 81,22
s | Stwbex | | st | N | coda s?/I Close| | 6477 | -41,87 | -39,26
) . Non 3
s Sgiludl Str wi Onset syl Close 106,63
1
s ol Str wf | Coda syl Close 96,98
. 3
S o b Str wf | Coda syl Close 90,37
(S Hlwasiowl Str wf | Onset s?/I Close
. v Non 3
S A S Unstr wi Coda syl Close 68,09 -23,57 -25,71
b Non 3
(S L.L\S).w Unstr wi Onset syl Close 91,66




Non

wlgse Unstr| * . | Coda 5yl Close 75,87 10,93 16,84
- Un Non 2
L5 oir wi | Onset 5yl Close 64,93
2
S0 Unstr| wf | coda syl Close 69,20 11,07 19,04
uil> Unstr| wf |Onset sil Close 58,13
N 2
BT Str wf | Coda syl Close 71,83
> Unstr| wf |Coda| X |Close| | 8645 | 2627 | 4365
: syl
> Unstr| wf |Onset| 1 |Close 60,19
syl
. 3
oluo Unstr| wf | Coda syl Close 73,51
& Non 3
S 5Sh Str wi | Coda syl Close
¢ Non 3
S,585 Str wi | onset syl Close 57,18
; 1
0 Str wf | Coda syl Close 60,07
. 3
599liw> Str wf | Coda syl Close 72,89 11,32 18,38
. 3
wl;l,el Str wf | Onset 5yl Close 61,57
i Non 3
05905l Unstr| * . | Coda syl Close 59,43 10,41 21,25
.. Non 3
ST Unstr| ¢ | Onset 5yl Close 49,01




Non

ch2 LS Unstr| Coda syl Close 58,77 18,17 44,76
. Un Non 2
ch2 Jlix> Sir wi | Onset syl Close 40,60
ch2 aJV Unstr| wf | coda | 2, |Close 59,82 14,07 30,75
syl
2
b
ch2 538 Unstr| wf |Onset syl Close 45,75
2
b
ch2 S Str wf | Coda syl Close 54,54 3,33 6,51
ch2 U9> 5 51,21
ch2 | auw Unstr| wf |Coda| X |Close| | 57,83 | 14,33 | 3293
syl
ch2 G Unstr| wf |Onset si/l Close 43,50
. 3
ch2 auglV Unstr| wf | Coda syl Close 72,43
ch2 | s str | NO" | coda| 3 |close| | 7381 | 2270 | 4440
LN290) wf syl , , :
P Non 3
ch2 | sSauzw Str wi | Onset syl Close 51,12
ch2 @b Str wf Coda S])-/| Close 63,10 48,13 321,60
ch2 Sl Str wf | Onset sill Close 14,97
—Z =z 3
ch2 | zpSlxpS Str wf | Coda syl Close 49,09 5,66 13,03
ch2 | lsll Str | wf |Onset s?n Close | | 43,44
Non 3
ch2 S,S= Unstr Coda Close 61,89 32,45 110,24
D= wf syl
Non 3
- b
ch2 | s> Unstr| " " | Onset syl Close 29,44
dz Sly=S unstr| NO" | coda | 2 [Close| | 37,23 | 9,59 34,72
o - Wf Syl ’ ’ ’




Un

Non

dz Jl=x=> Sir wi | onset syl Close 27,63
2
dz zolpy Unstr| wf | coda syl Close 52,05 19,00 57,49
2
dz Py Unstr| wf |Onset syl Close 33,05
dz aLo..w Str wf Coda Si/l Close 50,58 17,60 53,38
dz olsul 32,98
1
dz a3 Unstr| wf | Coda syl Close 53,28 17,95 50,82
1
dz o> Unstr| wf |Onset syl Close 35,32
. 3
dz oo Unstr| wf Coda syl Close 49,35 21,16 75,06
. 3
dz C TN Unstr| wf |Onset syl Close 28,19
dz Jiz 0l str | NN | coda| 3, |close 52,99
x)9 wf syl '
dz zl, str | wt |Coda|l |Close| | 5559 | 2152 | 63,19
syl
dz vl Str wf | Onset S])-/| Close 34,06
. 3
dz zhasowl Str wf | Coda syl Close 53,81 22,92 74,18
dZ | Olsesiwl | | Str | wf |Onset s§/| Close| | 30,89
dz | W,=S Unstr| N | coda| 3 [Close| | 36,76 | 9,52 34,94
- - Wf Syl 1 1 )
Non 3
b .
dz Jeigec> Unstr wi Onset syl Close 27,24 27,24
r 518 Unstr| NO" | coda | 2 |Close| | 37,00 | 9,07 31,44
o )> Wf Syl ’ ’ ’
.y Un | Non 2
r wlao ) oty wi Onset 5yl Close 28,84




r Brlly Unstr| wf coda syl Close 36,69 -1,93 -5,00
2
r O k> Unstr| wf |Onset syl Close 38,62
; 2
r SRV Str wf Coda syl Close 42,48 -2,52 -5,60
r PepL-y] 45,00
r M Unstr| wf Coda 1 Close 44,44 3,85 9,47
syl
1
r o) Unstr| wf |Onset syl Close 40,60
. 3
r a0l Unstr| wf | Coda syl Close 43,30 6,46 17,54
. . 3
r O Soiow Unstr| wf |Onset syl Close 36,84
Non 3
r 05,518 Str wi Coda syl Close 31,01
r g Str wf Coda 1 Close 46,70 -5,29 -10,17
8 syl
) 1
r ol B Str wf | Onset syl Close 51,99
3
r Hbg,lS Str wf | Coda syl Close 43,89 11,09 33,80
. 3
r zhasowl Str wf | Onset syl Close 32,81
r Ll Unstr| " | coda | 3, | Close 42,04 6,79 19,25
2= wi syl ’ ’ ’
. Non 3
r wvleo, Unstr| " " | Onset 5yl Close 35,26
Non 2
b
r2 JUs, Unstr wi Coda syl Close 48,81
Un Non 2
re2 str wi Onset syl Close




rr2 3.8 Unstr| wf | coda syl Close 28,53 2,81 10,91
2
b
r2 J50pS Unstr| wf |Onset syl Close 25,72
2 2
b - -
r2 5035 Str wf | Coda syl Close 25,94 13,08 33,52
re2 plio> 39,02
re2 5> Unstr| wf Coda 1 Close 32,70
: syl
m2 | 58> Unstr| wf | Coda S§/| Close 27,46
re2 Unstr| wf |Onset s?/I Close
Non 3
b
rr2 Ls=lpy Str wi | coda syl Close 32,24
re2 B Str wi | coda| 1 |cClose 26,31
syl
. 3
b .
r2 505L8 Str wf | Coda syl Close 34,82
re2 Str wf | Onset 3 Close
syl
Non 3
- b
r2 Loy Unstr wi Coda syl Close 27,13
rr2 Unstr Non Onset 3 Close
wif syl
1. Non 2 ) )
I ulbde Unstr wi Coda syl Close 72,45 5,61 7,19
Un Non 2
I )IS U str wi Onset syl Close 78,06
= 2
I JsSb Unstr| wf | coda syl Close 77,52 9,81 14,49
I SJL Unstr| wf |Onset 2 Close 67,71

syl




2
I Joaid Str wf | Coda syl Close 82,40 22,91 38,52
| SVl 59,48
| Jo Unstr| wf |Coda| X |Close| | 107,23 | 24,09 | 2898
syl
| J Unstr| wf |Onset si/l Close| | 83,14
T 3
b
| JS__,_U)l Unstr| wf Coda syl Close 74,17 17,51 30,90
I dslo Unstr| wf |Onset S?/| Close 56,66
& Non 3
I allauc Str wi | coda syl Close 98,31 48,59 97,73
) Non 3
I ol Str wi Onset syl Close 49,72
I J_,u Str wi Coda 1 Close 88,35 8,94 11,26
A Sy|
] 1
I uwV Str wf | Onset syl Close 79,41
3
I Jwll Str wf | Coda 5yl Close 93,31 23,13 32,95
I JWsowl Str wf | Onset s?/I Close 70,19
Non 3
I S, ladl Unstr wi Coda syl Close 70,88 -0,97 -1,36
. Non 3
I s Unstr wi Onset syl Close 71,86

Appendix N: Minimal Pairs (CONSONANTS for the factor “Syllable Type (
Open / Close)”

Minimal Pairs for Consonant duration analysis for the factor "Syllable type ( Open / Close

)
- : Duration , Per centage
Cons| Word Minimal Pairs in context Differnce inor




Non

9> 00 Unstr wi Onset syl Close 75,70
Jlio Unstr N\Ac,’f” Onset Sil Open| | 73,06 | 14,12 19,33
. Non 2
Ul Unstr wi Onset syl Close 87,18
. 2
~0,99 Unstr| wf |Onset syl Open 65,53 19,25 29,37
Caoud Unstr| wf |Onset si/l Close 84,77
. . Non 3
vl uai Unstr| " " | Onset syl Close 71,54
. Non 2
JLu Unstr wi Onset 5yl Open 80,49 -0,10 -0,13
. Non 2
Al uUnstr wi Onset syl Close 80,38
2
o L Unstr| wf Onset syl Open 75,94 -17,96 -23,64
wil> Unstr| wf |Onset si/l Close 57,98
Non 3
by
1,935 Unstr wi Onset syl Close 18,21
oS5 Unstr| NO" |onset| 2 |open| | 11,25 | 9,98 88,69
) Wf Syl 1 H 1
T Non 2
b
< 9l Unstr wi Onset syl Close 21,22
LS Unstr| wf |Onset si/l Open 13,30 1,75 13,18
2
. b
oilw Unstr| wf |Onset syl Close 15,05
b Non 3
logl,3 Unstr wi Onset syl Close 11,53
b Non 2
)l5> Unstr wi Onset syl Open 12,96 -1,24 -9,60




Non

b
d olews Unstr| Onset syl Close 11,71
d KRy Unstr| wf |Onset sill Open 13,76 -2,10 -15,26
d <Xy Unstr| wf |Onset sill Close 11,66
Non 3
b - -
th2 | louSaps Unstr| * ¢ | Onset syl Open 47,83 3,32 6,94
Non 3
b _ b
th2 |, Lpzps Unstr| ° . | Onset syl Close 44,52
3 Non 2
. b
th2 uls pJ Unstr W Onset syl Open 34,13 15,11 44,27
é. I Non 2
b
th2 oSops Unstr| " ¢ |Onset syl Close 49,24
2
b - -
th2 LPSS Unstr| wf |Onset syl Open 58,03 20,91 36,02
2
b
th2 Spiu Unstr| wf |Onset syl Close 37,13
b b Non 3
dh2 |)9.U.®> Unstr wi Onset syl Open 34,96 -3,73 -10,67
b, b Non 3
dh2 | |93 Unstr| " ¢ | Onset syl Close 31,23
dh2 oMa3 Unstr N\Ac;fn Onset S§/| Open 75,90 -26,71 -35,19
L D Non 2
dh2 | Slxas Unstr| " " | Onset syl Close 49,19
dh2 | alw Unstr| wf |Onset si/l Open 41,58 3,00 7,21
2
b
dh2 | J&3¢> Unstr| wf |Onset syl Close 44,58
L Non 3
s 9w Unstr wi Onset syl Open 94,17 -2,51 -2,66
b Non 3
S | o &S, | |Unstr| "o | Onset oyl Close 91,66
Non 2
s wlyw Unstr| " ¢ | Onset syl Open 100,01 -6,04 -6,04
s Slew Unstr| Non |Onset| 2 |Close 93,97




wi syl
2
S l-ws-BJ Unstr| wf |Onset syl Open 92,69 9,45 10,19
. 2
s oWy Unstr| wf |Onset syl Close 102,14
z %] VL) Unstr| N7 | onset| 3 Open 51,26 -2,25 -4,39
«J Wf Syl ] ’ ]
N Non 3
z |z Unstr| " ¢ | Onset syl Close 49,01
z s Unstr| N°" |onset| 2, | Open 64,32 0,61 0,95
u.&.{) Wf Syl p ] ] ]
- Non 2
z L5 Unstr wi Onset syl Close 64,93
z S;le Unstr| wf |Onset S§/| Open 71,99 -13,86 -19,25
z wils Unstr| wf |Onset si/l Close 58,13
ch2 | o8l unstr| N°" |onset| 3 | open 4512 | -15,68 34,75
> wi syl ’ ’ ’
Non 3
b
ch2 | s> Unstr| * " | Onset syl Close 29,44
e Non 2
ch2 uL.> unstr w Onset syl Open 35,42 5,17 14,61
} Non 2
ch2 Jli> Unstr| " ¢ | Onset syl Close 40,60
ch2 A Unstr| wf |Onset sill Open 38,14 7,61 19,95
2
b
ch2 S Unstr| wf |Onset syl Close 45,75
dz %) 3 Unstr Non Onset 3 Close 27,24 -2,61 -9,57
)-U_)-‘-> Wf Syl ] ] 1]
g - Non 3
dZ | exlivg> Unstr| " " | Onset syl Open 24,63
dz > | |unstr| N lonset| 2 |open| | 2807 | -044 1,56
UAJS-O.U > Wf Syl ’ ’ ’
Non 2
dz Jlu> Unstr wi Onset syl Close 27,63




dz A Unstr| wf |Onset syl Open 26,91 6,14 22,81
2
dz Py Unstr| wf |Onset syl Close 33,05
g Non 3
r wlso, Unstr| " ¢ | Onset syl Close 35,26 4,14 11,74
Non 3
r S9lS, Unstr wi Onset syl Open 39,40
= Non 2
r dLo) Unstr wi Onset 5yl Open 45,12 -16,28 -36,09
. Non 2
r ulao, Unstr wi Onset syl Close 28,84
2
r I)_% Unstr| wf |Onset syl Open 34,55 4,08 11,80
. 2
r O yoaak> Unstr| wf |Onset syl Close 38,62
2
b - -
rr2 |)95 Unstr| wf Onset syl Open 27,35 1,63 5,95
2
b
rr2 Js9pS Unstr| wf |Onset syl Close 25,72
. Non 3
I b Unstr| * ¢ | Onset syl Open 67,30 4,56 6,77
Non 3
b
I x4l Unstr wi Onset 5yl Close 71,86
I bl=J Unstr N\Ac;fn Onset s@l Open 70,91 7,14 10,07
Non 2
I LU Unstr wi Onset syl Close 78,06
I o> Unstr| wf |Onset si/l Open 58,80 8,91 15,16
I ..S_JL, Unstr| wf |Onset 2 Close 67,71

syl




Appendix O: Minimal Pairs (CONSONANTS for the factor “Number of
syllables( 1, 2, 3)”

Minimal Pairs for Consonant duration analysis for the factor "Number of syllables (

1,2, 3)"
Duration %
Cons Word Minimal Pairs in Differnce incr
context ease
lvs?2
syllables
m obo Unstr Nvf/’f” Onset Stl Open| | 102,28 | 2922 | 40,00
. Non 2
m Jlw Unstr| " & | Onset syl Open 73,06
m UL Unstr| wf |Onset L Close 102,22 17,44 20,58
syl
m Caoud Unstr| wf |Onset si/l Close 84,77
m £ Unstr| wf | Coda sill Close 112,12 20,40 22,24
2
m P>,0 Unstr| wf coda syl Close 91,72
m )Lo Str wf | Onset si/l Close 85,20 10,98 14,79
; 2
m a0 Str wf | Onset syl Close 74,22
m ol Str wf | Coda S])-/| Close 101,28 15,12 17,55
Z 2
m pl>gS Str wf | Coda syl Close 86,16
2vs 3
syllables
m /olJ Str wf | Coda 1 Close 101,28 4,60 4,76
syI
m plail Str wf | Coda 3 Close 96,68

syl




o Str wf | Onset Close 85,20 17,64 26,11
- syl
Jlosiowl Str wf | Onset s?/I Close 67,56
£ Unstr| wf | Coda si/l Close 112,12 13,72 13,95
X8, Unstr| wf | Coda sill Close 98,40
pb Str wf | Coda sill Close 101,28 4,60 4,76
plail Str wf | Coda S::’/| Close 96,68
1vs3
syllables
olio unstr| N°" |onset| 2 [Close| | 8718 | 1148 | 1517
wif syl ' ' '
L Non 3
9> |50 Unstr wi Onset syl Close 75,70
lao unstr| NN | coda | 2 |Close| | 111,33 | 39,88 | 55.80
U ) Wf Syl il il ’
. Non 3
|, Uwod Unstr wi Coda syl Close 71,46
: str | NO" I codal| 2 |Close| | 9474 | -2593 | -21,49
k.S).OS W.I: Syl [} 3 y
. Non 3
A0S Str | " | Coda syl Close 120,67
P>,0 Unstr| wf coda si/l Close 91,72 -6,67 -6,78
X8, Unstr| wf | Coda si/l Close 98,40
Jwe St | wi |Onset| 2 |Close| | 7422 | 666 | 986
Jlosiwl Str wf | Onset s?/I Close 67,56
Z 2
J°|>95 Str wf | Coda Close 86,16 -10,52 -10,88

syl




plaisl Str wf | Coda syl Close 96,68
. Non 2
Jlw Unstr| " & | Onset syl Open 73,06
Caoud Unstr| wf |Onset sil Close 84,77
Non 1
ulo Unstr w Onset syl Open 102,28
1
Y Unstr| wf |Onset syl Close 102,22
lvs?2
syllables
@b Str wf | Onset s:)L/I Close 84,44 10,39 14,04
SWb Str wf | Onset sill Close 74,05
J Unstr| wf |Onset si/l Close 85,16 27,18 | 46,87
wil> Unstr| wf |Onset sill Close 57,98
wd Unstr| wf | Coda S])-/| Close 113,31 9,41 9,06
2
Jlw Unstr| wf | coda syl Close 103,90
- Unstr| N°" |onset| L |open| | 97,51 | 17,02 | 2115
= wf syl | =P ’ ’ ’
. Non 2
Jlu Unstr wi Onset syl Open 80,49
ols St | wf |Coda Sil Close| | 8520 | -10,69 | -11,15
Oloul str | wf | Coda| 2 |Close 95,89

syl




2vs 3

syllables
2
Jlw Unstr| wf | coda syl Close 103,90 8,28 8,66
3
oSl Unstr| wf | Coda 5yl Close 95,62
_ Non 2
=y Str W Coda syl Close 103,59 | -16,13 | -13,48
. Non 3
0wl Str | ¢ | Coda syl Close 119,72
- unstr| N°" |onset| 2 |close| | 8038 | 884 | 12,36
UJ_)MJ Wf Syl ’ ) [
. . Non 3
d\,l).w Unstr wi Onset syl Close 71,54
Oloul Str | wf | Coda si/l Close 95,89 2,55 2,73
ulwsl, Str wf | Coda sill Close 93,34
gSLulJ Str wf | Onset S%/I Close 74,05 18,80 34,04
. ; 3
Slowgwdl Str wf | Onset syl Close 55,24
Ji> | |unstr| N | Coda s§/| Close| | 106,85 | 2342 | 28,08
) Non 3
S, luy Unstr wi Coda syl Close 83,42
1vs3
syllables
ols Str wf | Coda si/l Close 85,20 -8,15 -8,73
ul.\.wa Str wf | Coda sf/l Close 93,34
Ud Unstr| wf | Coda si/l Close 113,31 17,69 18,50
05-!)°| Unstr| wf | Coda 3 Close 95,62

syl




uls Str wf | Coda syl Close 85,20 -8,15 -8,73
ulwsl Str wf | Coda S§/| Close 93,34
@b Str wf | Onset sill Close 84,44 29,20 52,85
. ; 3
Slowgwdl Str wf | Onset syl Close 55,24
. Non 2
Ju Unstr wi Onset 5yl Open 80,49
J Unstr| wf |Onset sill Close 85,16
wil> Unstr| wf |Onset si/l Close 57,98
. Non 1
- Unstr wf Onset syl Open 97,51
lvs 2
syllables
S5 Unstr| wf |Onset si/l Close 11,83 -3,22 -21,42
2
Lk
UJLW Unstr| wf |Onset syl Close 15,05
Jb Str wf | Onset sill Close 17,02 0,74 4,57
- 2
b
JI.BS Str wf | Onset syl Close 16,28
S Unstr| wf | Coda S])-/| Close 16,38 -1,00 -5,75
= 2
Sio,p> Unstr| wf | coda syl Close 17,38
.:,l_> Str wf | Coda sill Close 14,97 1,03 7,38
d’;-ngJ Str wf | Coda| 2 |Close 13,94




syl

S5 nstr| w nset ose , -3, -21,
5 U f o Stl cl 11,83 | -322 | -21,42
2
b
oilw Unstr| wf |Onset syl Close 15,05
2vs 3
syllables
; unstr| NON |onset| 2 |close| | 2122 | 301 | 1656
&SJJ.U Wf Syl ] ] [}
Non 3
b,
[,93.5 Unstr wi Onset syl Close 18,21
los, unstr| N2 | coda | 2. | Close 27,16 7,11 35,45
19X wi syl ' ' '
Non 3
b
kS)'S—U.. Unstr wi Coda syl Close 20,05
» 2
Sio,p> Unstr| wf | coda syl Close 17,38 2,07 13,54
3
. b
} .,)_ul Unstr| wf | Coda syl Close 15,31
2
b
ungJ Str wf | Coda syl Close 13,94 1,79 14,71
EuSokl Str | wf | Coda S§/| Close 12,15
& str | NO" | coda | 2 |close| | 1908 | 593 | 4510
Sy wif syl ) ) )
- Non 3
b
UgkpSo> Str wf Coda syl Close 13,15
- 2
b - -
.,SI.BS Str wf | Onset syl Close 16,28 3,92 19,40
3
U299 Str | wf | Onset syl Close 20,20
1vs3
syllables
bl; Str wf Coda 1 Close 14,97 2,82 23,17

syl




L b
CuSol Str | wf | Coda syl Close 12,15
Ji Str wf | Onset sill Close 17,02 -3,17 | -15,72
3
U299 Str | wf |Onset syl Close 20,20
S Unstr| wf | Coda sill Close 16,38 1,07 7,01
3
- b
Sl Unstr| wf | Coda syl Close 15,31
&ls str | wf |Coda Sil Close| | 1497 | 282 | 2317
ORI str | wf |Coda S?ﬂ Close| | 12,15
z Non 2
b
Y Unstr wi Onset syl Open 11,25
I Non 2
b
)95_, unstr wi Onset syl Open 11,25
lvs?2
syllables
SIS Str | wf |Onset si/l Close 16,32 -3,53 | -17,77
JIi> Str | wf |Onset si/l Close 19,85
SI_, Str wf | Coda si/l Close 22,87 8,82 62,80
= 2
b.
SiopS Str wf | Coda syl Close 14,05
8 Unstr| wi |Onset Sil Close| | 12,74 | 1,08 | 929
Xy Unstr| wf |Onset| 2 |Close 11,66

syl




2vs 3

syllables
Z 2
b - -
SopS Str wf | Coda syl Close 14,05 4,17 22,91
555wl | | Str | wf | Coda Si’/l Close| | 18,22
S0 str | N | coda| 2 |close| | 2895 | 219 8,17
S wi syl : : :
Non 3
l9.Xi,S Str wf Coda oy Close 26,77
5l unstr| \°" | coda | 2, |Close| | 2650 | -2.83 | -9,65
S and wf syl ' ' ’
EuSos| Unstr stfn Coda sill Close 29,33
lew$ unstr| N°N |onset| 2 |close| | 11,71 | 0,19 1,64
C) Wf Syl ) [} )
b Non 3
logly3 Unstr wi Onset syl Close 11,53
LJI_’i;_;._. Str wf | Onset sill Close 19,85 3,24 19,52
515,68 Str | wf |Onset sill Close 16,61
b 7 2
3ol Unstr| wf | coda Close
syl
55 o\ Unstr| wf | Coda s?/I Close 15,87
1vs3
syllables
fsl) Str wf | Coda si/l Close 22,87 4,65 25,50
35wl Str | wf | Coda si/l Close 18,22
30 Unstr| wf | Coda sill Close 35,40 19,53 123,05
0\ Unstr| wi | Coda| 3, |Close 15,87

syl




d SIS Str | wf |Onset syl Close 16,32 -0,28 -1,71
3
b
d Hlu,eS Str | wf |Onset syl Close 16,61
d 51, Stt | wi | Coda| |Close| | 2287 | 465 | 2550
d | 5%l | | str | wf |Coda s§/| Close| | 18,22
d Unstr Non Onset 3 Open 47,83
wif syl
d 58 Unstr| wf |Onset| 1 |Close 12,74
syl
d %ol Unstr| wf |Coda s§/| Close| | 35,40
L Non 2
d LS Unstr wi Onset syl Open 12,96
d @iy Unstr| wi |Onset| & |Close| | 1166
b Non 2
d L8s Unstr wi Onset syl Open 12,96
lvs?2
syllables
th2 _ﬁLw Str wf | Coda sill Close 27,02 -10,30 | -27,60
2
b
th2 295> Str wf | Coda syl Close 37,32
. Non 1
th2 Loy Unstr Onset Open 78,79 44,66 | 130,85
wif syl
: Non 2
- b
th2 U|SB' Unstr wf Onset syl Open 34,13
th2 ‘S/BJ" Unstr| wf |Onset L Close 62,43 25,30 68,14
syl
th2 Spiu Unstr| wf |Onset 2 Close 37,13

syl




th2 ulgs Str wf | Onset Close 80,09 34,71 76,50
syl
- 2
b _b
th2 Jopips Str wf | Onset syl Close 45,38
th2 _&’:J Unstr| wf | Coda L Close 31,30 6,30 25,21
syl
2
b .
th2 a9 Unstr| wf | coda syl Close 25,00
2vs 3
syllables
é I Non 2
. b
th2 o Sps Unstr| ° ¢ | Onset syl Close 49,24 4,73 10,61
Non 3
b _b
th2 I)L,_e_,_eJ Unstr wf Onset syl Close 44,52
-~ Non 2
b
th2 )|.9-9-‘-:! Unstr wi Coda syl Close 67,43
Non 3
b
th2 Llgpsl Unstr| " ¢ | Coda syl Close
P Non 2
b
th2 S Str wi Coda syl Close 79,36 26,46 50,01
Non 3
b
th2 | Ulgpusl Str wi Coda syl Close 52,90
2
b .
th2 P9 Unstr| wf | coda syl Close 25,00 5,55 28,56
3
b
th2 | pxwlep> Unstr| wf | Coda syl Close 19,44
: Non 2
. b - -
th2 U|SB' Unstr wf Onset syl Open 34,13 0,83 2,36
Non 3
b
th2 | lauSups Unstr| " & | Onset syl Open 34,96
- 2
b _b - -
th2 ‘JSW Str wf | Onset syl Close 45,38 18,96 29,47
3
. b s e
th2 | olpiis, Str wf | Onset syl Close 64,34
1vs3
syllables
th2 Py, Unstr| Non [Onset| 1 | Open 78,79 43,84 | 125,40




i syl
Non 3
b
th2 | laSaps Unstr| * ¢ | Onset syl Open 34,96
the | olgs str | wf |onset| X |Close| | 80,09 | 1575 | 24,49
syl
3
. I —
th2 | ulpii,y Str wf | Onset syl Close 64,34
th2 24 Unstr| wf |Coda |t |Close| | 31,30 | 11,85 | 6097
syl
3
b
th2 | piwlep> Unstr| wf | Coda 5yl Close 19,44
1
b
th2 2ilw Str wf | Coda syl Close 27,02
2
b
th2 Spiu Unstr| wf |Onset syl Close 37,13
2
b
th2 295> Str wf | Coda syl Close 37,32
P 1
b
th2 Sps Unstr| wf |Onset syl Close 62,43
1
b
th2 2ilw Str | wf | Coda oyl Close 27,02
lvs?2
syllables
dh2 Js Str wf | Onset sill Close 74,27 -4,95 -6,24
dh2 | JbXw Str | wf |Onset Sil Close| | 79,22
dh2 J_@S Unstr| wf |Onset L Close 66,91 22,33 50,09
syl
2
b
dh2 Jo3g> Unstr| wf |Onset syl Close 44,58
dh2 S Unstr| Non |Onset| 1 |Open 89,69 13,79 18,16




i syl
. b Non 2
dh2 oMa> Unstr| " & | Onset syl Open 75,90
2vs 3
syllables
dh2 | oMas Unstr Nvf/’f” Onset Sil open| | 7590 | -18.27 | -19,40
b, _ b Non 3
dh2 olidds Unstr wi Onset syl Open 94,17
P Non 2
dh2 Hlas Unstr wi Onset syl Close 49,19 17,97 57,54
b _ b Non 3
dh2 LRV Unstr Wi Onset syl Close 31,23
1vs3
syllables
dh2 ™ unstr| O | Onset stl Open| | 89,69 | -449 | -476
b, _ b Non 3
dh2 Lo dud3 Unstr wi Onset syl Open 94,17
dh2 | a0 str | wf |Coda Sil Close| | 42,63
dh2 35 Unstr| wf | Coda sill Close 33,45
dh2 J3 Str | wf |Onset si/l Close 74,27
1
b
dh2 Ja3 Unstr| wf |Onset syl Close 66,91
dh2 Str wf | Coda 2 Close
syl
dh2 30 Str | wf |Codal| T |Close 42,63

syl




dh2 D Unstr| wf | Coda syl Close 33,45
dh2 | Jiw Str | wi |Onset Sf/l Close| | 79,22
2
b
dh2 | J&3g> Unstr| wf |Onset syl Close 44,58
b Non 2
dh2 S8 Str wi Coda syl Close 48,63
dh2 3o Str | wf | Coda Stl Close 42,63
lvs 2
syllables
Non 1
S w Unstr wf Onset syl Open 122,35 22,34 22,33
Non 2
S Ol Unstr| " & | Onset syl Open 100,01
S Y] Unstr| wf | Coda L Close 99,28 17,43 21,29
i syl
* 2
S oS Unstr| wf | coda syl Close 81,85
1
S u,,l, Str wf | Coda syl Close 96,98 11,35 13,25
s wwsli > Str | wf | Coda sil Close 85,64
1
S O Unstr| wf |Onset syl Close 126,07 23,93 23,42
. 2
S Wy Unstr| wf |Onset syl Close 102,14
2vs 3
syllables
s slew Unstr NV\c/an Onset si/l Close 93,97 2,31 2,52




Non

b.
o S ow Unstr| * | Onset syl Close 91,66
oS unstr| NN | coda | 2 |cClose| | 7001 | 282 4,14
c wif syl ’ ' ’
. v Non 3
JUWTONWI Unstr wf Coda syl Close 68,09
Non 2
Ol Unstr| " & | Onset syl Open 100,01 | 48,75 | 95,10
. Non 3
W9lsw Unstr| * o | Onset ol Open 51,26
= 2
uUS)BJ Unstr| wf | coda syl Close 81,85 0,64 0,78
. 3
U Unstr| wf | Coda syl Close 81,22
2
u”&bl? Str wf Coda syl Close 85,64 -4,73 -5,24
- 3
o Lo Str | wf | Coda syl Close 90,37
Swd str | N | coda | 2 |close| | 6132 | -3.44 | -531
wif syl
SEwlbo> Str Non Coda 3 Close 64,77
wif syl
1vs3
syllables
1
ol Str wf | Coda syl Close 96,98 6,61 7,32
. 3
o Lo Str | wf | Coda syl Close 90,37
1
Y] Unstr| wf | Coda syl Close 99,28 18,07 22,24
. 3
UV WD Unstr| wf | Coda syl Close 81,22
1
u-*’lJ Str wf | Coda syl Close 96,98 6,61 7,32
o L str | wf |coda| > |Close 90,37

syl




Non 1
w uUnstr wf Onset syl Open 122,35 71,09 | 138,67
. Non 3
9w Unstr wi Onset 5yl Open 51,26
Str wf | Onset 2 Close 123,01
. 2
Wy Unstr| wf |Onset syl Close 102,14
Str wf | Onset 2 Close 123,01
1
) Unstr| wf |Onset syl Close 126,07
1vs 2
syllables
> Unstr| wf |Onset sill Close 60,19 2,05 3,53
uil> Unstr| wf | Onset si/l Close 58,13
0 Str wf | Coda 1 Close 60,07 -11,76 | -16,38
. 2
Jugei Str | wf | Coda syl Close 71,83
> Unstr| wf | Coda 1 Close 86,45 17,25 24,93
: syl
2
)S 0 Unstr| wf | coda syl Close 69,20
2vs 3
syllables
. 2
Jugei Str | wf | Coda syl Close 71,83 -1,06 -1,45
3
99liow> Str wf | Coda syl Close 72,89
-t unstr| NN |onset| 2 |open| | 6432 | 1921 | 4257
O wi syl p ) , )




Non

<olbd Unstr| " o |Onset syl Open 45,12
. 2
VALY Str wf | Onset syl Close
wl;l,el Str | wf |Onset S::)/| Close 61,57
3 Unstr| wf | coda 2 Close 69,20 -4,31 -5,86
>0 syl
sobse Unstr| wf | Coda s?/I Close 73,51
. Non 2
09;C Str wf Coda syl Close 74,62
= Non 3
S5SL Str | s | Coda 5yl Close
g Unstr| NN | coda | 2 |Close| | 75,87 | 16,44 | 27,67
US)S Wf Syl ’ 3 )
T Non 3
05905l Unstr wi Coda syl Close 59,43
55 Unstr| NN lonset| 2 |Close| | 64,93 | 1592 | 32,48
J J Wf Syl ’ [ ]
. Non 3
[ yuzi; Unstr| "¢ | Onset 5l Close 49,01
lvs3
syllables
43 Str | wf |Coda |t |Close| | 60,07 | -12,82 | -17,59
§ syl
309liow> Str | wf | Coda sill Close 72,89
S Str wf | Coda si/l Close 60,07 -12,82 | -17,59
09liow> Str | wf | Coda S§/| Close 72,89
5> Unstr| wf | Coda sill Close 86,45 12,94 17,60
oo Unstr| wf |Coda| 3, |Close 73,51

syl




z > Unstr| wf |Onset Close 60,19
syl
) 3
z wl;l,el Str wf | Onset syl Close 61,57
z il Unstr| wf |Onset sil Close 58,13
. Non 2
z oD Unstr Wi Onset syl Open 64,32
o Non 3
z <olbd Unstr| " & |Onset 5yl Open 45,12
lvs 2
syllables
ch2 > Unstr| wf |Onset sill Close 43,50 -2,25 -4,92
2
b
ch2 5SS Unstr| wf |Onset syl Close 45,75
1
ch2 w Unstr| wf | Coda syl Close 57,83 -1,99 -3,33
2
ch2 aJV Unstr| wf | coda syl Close 59,82
ch2 | &ls str | wf |Onset Sil Close| | 1497 | -36,24 | -70,77
L2 2
ch2 Ug> Str wf | Onset syl Close 51,21
ch2 @b Str wf | Coda sill Close 63,10 8,56 15,68
2
b
ch2 SuwS Str wf | Coda syl Close 54,54
2vs 3
syllables
ch2 Jl Unstr Non Onset 2 Close 40,60 11,16 37,90
o wi syl ' ' '
Non 3
: b
ch2 |)l>u>,, Unstr wi Onset syl Close 29,44




) Non 2
ch2 LS Unstr| " ¢ | Coda syl Close 58,77 -3,13 -5,05
Non 3
ch2 S8y Unstr wi Coda syl Close 61,89
Non 2
ch2 M=o Str wi Coda syl Close 60,91 -12,91 | -17,49
] Non 3
ch2 | (su=>g90y Str wf Coda syl Close 73,81
ch2 aJV Unstr| wf | coda 2 Close 59,82 -12,61 | -17,41
syl
. 3
ch2 auslV Unstr| wf | Coda syl Close 72,43
e 2
ch2 Ug> Str wf | Onset syl Close 51,21 7,77 17,90
ch2 )l>l_u| Str wf | Onset s:;)/l Close 43,44
2
b
ch2 S Str wf | Coda syl Close 54,54 5,45 11,10
é & 3
ch2 | apSlxpS Str wf | Coda syl Close 49,09
b Non 2
ch2 ol Unstr wi Onset syl Open 35,42 10,79 43,79
= Non 3
ch2 o8> Unstr wi Onset syl Open 24,63
lvs3
syllables
ch2 2L Stt | wi | Coda| |Close| | 6310 | 14,00 | 2853
Z1 = 3
ch2 | zpSlxpS Str wf | Coda syl Close 49,09
ch2 Sl Str wf | Onset si/l Close 14,97 -28,47 | -65,54
ch2 Ll Str | wf |Onset sill Close 43,44
ch2 aw Unstr| wf | Coda 1 Close 57,83 -14,60 | -20,16

syl




ch2 auglV Unstr| wf | Coda syl Close 72,43
ch2 2L Stt | wi |Coda| |Close| | 6310 | 14,00 | 2853
& @ 3
ch2 | zpSlxpS Str wf | Coda syl Close 49,09
b Non 2
ch2 o> Unstr| " & | Onset syl Open 35,42
2
b
ch2 52S Unstr| wf |Onset syl Close 45,75
s Non 3
ch2 o8> Unstr| Onset syl Open 24,63
ch2 > Unstr| wf |Onset S]3-/| Close 43,50
lvs?2
syllables
Non 1
dz 9> Unstr wf Onset syl Open 36,67 8,60 30,64
Non 2
dz v l> Unstr| * | Onset syl Open 28,07
dz o= Unstr| wf |Onset L Close 35,32 2,28 6,89
- syl
) 2
dz Py Unstr| wf |Onset syl Close 33,05
dz o> Unstr| wf |Coda|l [Close| | 5328 | 123 | 236
: syl
2
dz colpy Unstr| wf | coda syl Close 52,05
dz uls Str wf | Onset si/l Close 34,06 1,08 3,28
dz ul=il Str | wf |Onset sill Close 32,98
dz ch Str wf | Coda L Close 55,59 5,00 9,89

syl




dz & loow Str | wf | Coda syl Close 50,58
2vs 3
syllables
dz g loew Str wf | Coda sill Close 50,58 -3,22 -5,99
3
dz Zhzsowl Str | wf | Coda syl Close 53,81
dz ull Str | wf |Onset sill Close 32,98 2,09 6,76
dZ | olxsiwl Str | wf |Onset si/l Close 30,89
2
dz zolpy Unstr| wf | coda syl Close 52,05 2,69 5,46
3
dz TS Unstr| wf | Coda syl Close 49,35
) 2
dz Py Unstr| wf |Onset syl Close 33,05 4,86 17,23
3
dz CTUN, Unstr| wf |Onset syl Close 28,19
Non 2
dz v l> Unstr wi Onset syl Open 28,07 | -11,33 | -28,75
o Non 3
dz | osxlug> Unstr| * ¢ | Onset syl Open 39,40
4Z | onzeww st | N | Coda Sil Close| | 36,76 | -16,24 | -30,64
) Non 3
dz Jiz 0l Str | " | Coda syl Close 52,99
) P Non 2
dz =S Unstr| " ¢ | Coda syl Close 37,23 0,46 1,26
¢ Non 3
dz WS Unstr| " ¢ | Coda syl Close 36,76
dz Jl=> Unstr Nv\c/an Onset si/l Close 27,63 0,39 1,43
Non 3
b .
dz > Unstr wf Onset syl Close 27,24




1vs3

syllables
dz zl, str | wf |Coda|l |Close| | 5559 | 1,78 | 330
syl
3
dz chzawl Str wf | Coda syl Close 53,81
dz o> Unstr| wf | Coda L Close 53,28 3,92 7,95
§ syl
3
dz TS Unstr| wf | Coda syl Close 49,35
dz uls Str wf | Onset si/l Close 34,06 3,17 10,26
dz | Olxsiwl Str | wf |Onset sill Close 30,89
dz o> Unstr| wf |Onset 1 Close 35,32 7,13 25,30
- syl
) 3
dz Sty Unstr| wf |Onset syl Close 28,19
dz G') Str wf | Coda 1 Close 55,59 1,78 3,30
syl
3
dz hzsowl Str wf | Coda syl Close 53,81
Non 1
dz 9> Unstr wf Onset syl Open 36,67 -2,72 -6,92
g Non 3
dz | oxlug> Unstr| * " |Onset syl Open 39,40
lvs?2
syllables
r 9D unstr Non Onset L Open 43,48 -1,64 -3,63
wif syl
- Non 2
r ._JLD) Unstr wi Onset syl Open 45,12
r Be Unstr| wf | Coda 1 Close 44,44 7,75 21,12
i syl
r )ng Unstr| wf | coda 2 Close 36,69

syl




o) Unstr| wf |Onset syl Close 40,60 1,97 511
) 2
JUWES Unstr| wf |Onset syl Close 38,62
S Str wf | Coda 1 Close 46,70 4,22 9,94
A Sy|
. 2
JYAV; Str wf | Coda syl Close 42,48
wl, Str wf | Onset S])-/| Close 51,99 6,99 15,54
2
8 Str wf | Onset syl Close 45,00
2vs 3
syllables
. Non 2 ) _
ulao, Unstr wi Onset syl Close 28,84 6,42 18,21
g . Non 3
wleo, Unstr| " & | Onset syl Close 35,26
} Non 2 i i
UlSP Unstr w Coda syl Close 37,90 4,14 9,85
Non 3
Llg,> Unstr| " ¢ | Coda syl Close 42,04
) 2
O yoaak> Unstr| wf |Onset syl Close 38,62 1,79 4,86
. . 3
O Soiow Unstr| wf |Onset syl Close 36,84
str | NO" | coda | 2, |close| | 4546 | 1445 | 4661
°>)J W.I: Syl [l [ [}
Non 3
05,518 Str wi Coda syl Close 31,01
) 2
JCIN Unstr| wf | coda syl Close 36,69 -6,60 -15,25
. 3
s yol Unstr| wf | Coda syl Close 43,30
JY Str | wf |Coda| 2 |Close| | 4248 | -142 | -3,23

syl




Llg,lS Str | wf | Coda syl Close 43,89
2
8 Str wf | Onset syl Close 45,00 12,19 37,16
.. 3
chsawl Str wf | Onset syl Close 32,81
lvs3
syllables
" Str | wf |Coda |t |Close| | 46,70 | 281 | 639
§ syl
3
)bs)ls Str wf | Coda 5yl Close 43,89
ol Str wf | Onset 1 Close 51,99 19,18 58,47
) syl
. 3
chzawl Str wf | Onset syl Close 32,81
o) Unstr| wf |Onset S])-/| Close 40,60 3,76 10,21
. . 3
OHSowsow Unstr| wf |Onset syl Close 36,84
» Unstr| wf | Coda 1 Close 44,44 1,15 2,65
syl
. 3
JUWVY| Unstr| wf | Coda syl Close 43,30
S Str wf | Coda 1 Close 46,70 2,81 6,39
A Sy|
3
5lg,lS Str | wf | Coda syl Close 43,89
- Non 2
._JLD) Unstr wi Onset syl Open 45,12
Non 1
9D unstr wf Onset syl Open 43,48
lvs 2

syllables




re2 =8 Str | wf | Coda syl Close 26,31 0,37 1,42
2 2
b
re2 5035 Str | wf | Coda syl Close 25,94
re2 5> Unstr| wf | Coda L Close 32,70 4,17 14,62
. syl
rr2 538 Unstr| wf | coda sil Close 28,53
2vs 3
syllables
2 2
b - -
rr2 503pS Str | wf | Coda syl Close 25,94 8,88 25,50
. 3
b .
re2 )pl_*g Str wf | Coda syl Close 34,82
m2 | g str | NO" | coda | 2 |close| | 3552 | 328 | 10,18
wi syl ' ' '
Non 3
b
rr2 Ls=lpy Str | " | Coda syl Close 32,24
rr2 Jis Unstr| N°" | coda | 2, |Close| | 4881 | 2168 | 79,89
)Y Wf Syl ’ ’ ’
Non 3
.- b
re2 Ugs 5 Unstr wi Coda syl Close 27,13
M2 | 5aS Unstr| wf | coda Sil Close| | 2853 | 1,06 | 387
m2 | 55Bex Unstr| wf | Coda si)/l Close 27,46
1vs3
syllables
rr2 58 Str | wf |Coda Sbl Close| | 2631 | -851 | -2444
. 3
b .
re2 505L8 Str wf | Coda syl Close 34,82
re2 jl§ Str wf | Coda sill Close 26,31 -8,51 -24,44
re2 505L8 Str wf | Coda 3 Close 34,82

syl




re2 5> Unstr| wf | Coda Close 32,70 5,23 19,06
: syl
rr2 JRILPY Unstr| wf | Coda s?/I Close 27,46
re2 unstr Non Onset 3 Open 67,30
wi syl
2
re2 plio> Str wf | Onset syl Close 39,02
2
b
re2 plzo> Str wf | Onset syl Close 39,02
2
b
re2 Js9pS Unstr| wf | Onset syl Close 25,72
re2 uUnstr Non Onset 3 Open 67,30
wif syl
lvs?2
syllables
I J_u Str wf | Coda 1 Close 88,35 5,96 7,23
A Sy|
2
I Joaud Str wf | Coda syl Close 82,40
| J,o Unstr| wf | Coda 1 Close 107,23 29,71 38,32
syl
2 2
| JSL Unstr| wf | coda syl Close 77,52
| N Unstr| NN |onset| X |open| | 8767 | 16,75 | 2363
wif syl
) Non 2
I blJ Unstr wf Onset syl Open 70,91
I oJ Unstr| wf |Onset S])-/| Close 83,14 15,43 22,78
| SJL Unstr| wf |Onset sf/l Close 67,71
) 1
| u-U\J Str wf | Onset syl Close 79,41 19,93 33,50
[ SV str | wf |onset| 2 |Close 59,48

syl




2vs 3

syllables
Non 2
LU Unstr| Onset syl Close 78,06 6,20 8,63
Non 3
b
x4 Unstr wi Onset syl Close 71,86
1. Non 2
wldo Unstr wi Coda syl Close 72,45 1,56 2,20
Non 3
S, laJl Unstr wi Coda 5yl Close 70,88
) Non 2
Ll> Str | "¢ | Coda syl Close 90,44 -7,87 -8,00
Non 3
allouc Str | "5 | Coda syl Close 98,31
B Unstr| wf | coda sill Close 77,52 3,36 4,53
IS0 | |Unstr| wE | Coda s?/I Close| | 74,17
Juid St | wi |Coda| s |Close| | 8240 | -1092 | -11,70
JuUl Str | wf | Coda sill Close 93,31
S Unstr| wi |Onset| & |Close| | 6771 | 1105 | 1951
<dslo Unstr| wf |Onset S::’/| Close 56,66
SV Str wf | Onset s@l Close 59,48 -10,70 | -15,25
JWaiwl Str wf | Onset S::’/| Close 70,19
1vs3
syllables
Lo Str | wf |Coda|_t |Close| | 8835 | -496 | -532
g syl
Jwll str | wf |coda| > |Close 93,31

syl




| N Unstr| wf |Onset s§/| Close| | 83,14 | 26,48 | 46,74
[ dslo Unstr| wf |Onset S§/| Close 56,66
1
I uwV Str wf | Onset syl Close 79,41 9,22 13,14
I JMawl Str wf | Onset s?/I Close 70,19
1
I ,J.o Unstr| wf | Coda Close 107,23 33,07 44,59
syl
T 3
b
I JSol Unstr| wf | Coda syl Close 74,17
! Lo Str | wf |Coda|_t |Close| | 8835 | -496 | -532
- syl
3
I Jwll Str | wf | Coda syl Close 93,31
. Non 2
| bl=J Unstr wi Onset syl Open 70,91
Non 1
I o Unstr wi Onset syl Open 87,67
Appendix O: SUM-OF-PRODUCTSRESULTSFOR VOWELS
Avg Avg Avg Avg Avg Avg
Word Vowel duration|duration|duration|duration|duration|duration| |Average| Standard SOP
speaker | speaker | speaker | speaker | speaker | speaker | |duration|deviation| | duration
1 2 3 4 5 6
b
Lg,’/ a 129.06|128.89|129.06|128.98|141.82|139.31| |132.85| 6.02 127.81
s.«‘“( a 112.55|106.81|112.55(109.68 | 99.93 |102.75| |107.38| 5.22 136.82
6(f a 132.39|129.52|132.39|130.96171.03|159.47| | 142.63| 17.93 136.82




. 133.47(131.11|133.47(132.29|134.17|109.26| [{128.96| 9.71 136.82
o/ 134.34(120.09|134.34|127.22|183.57|132.19| (138.62| 22.68 126.61
(’5 126.92|116.37|126.92|121.65|127.35|108.83| (121.34| 7.48 136.82
U( 118.55|118.90|118.55|118.73|149.79(149.69| (129.04| 16.04 136.82
Cb{ 104.02| 93.39 |104.02| 98.71 | 86.08 {76.807| | 93.84 | 10.79 136.82
Jfa:) 115.89(122.83|115.89(119.36|100.42| 71.48 | (107.65| 19.31 136.82
ﬁ'lf‘ 126.62|118.57|126.62|122.60| 99.52 {108.65| (117.10| 10.90 127.81
&(5] 158.61|150.92 |158.61|154.76|203.03200.64| [171.09| 23.99 136.82
g“i 120.45|104.37 |120.45|112.41|145.15|135.54| [ 123.06| 14.97 127.81
GJ/W: 117.06|123.31|117.06|120.19|182.39|183.33| [ 140.56| 32.85 127.81
;‘a},'.[ 129.95(126.09|129.95|128.02|107.63|120.26| [123.65| 8.63 126.739
‘L:J|/§ 108.67(118.83|108.67|113.75|123.18|110.96| (114.01| 5.90 127.81
6}1) 128.83|120.07|128.83|124.45|133.36(123.95| [126.58| 4.69 136.82
U’/’.‘; 131.30|130.02 131.30|130.66|140.59|135.68| [ 133.26| 4.11 136.82
laa/.J/ 124.08|122.03|124.08|123.05|146.57141.67| [130.25| 10.89 | [127.296
C},'/ 114.65| 64.50 |114.65| 89.58 | 85.31 [87.213]| | 92.65 | 19.25 131.69
U?:’; 126.18|102.63|126.18|114.41| 96.33 | 109.5 | [112.54| 12.21 131.69




105.45| 85.72 |105.45| 95.59 | 107.5 |118.09| [102.97| 11.08 | | 131.69
€y 98.29 | 63.44 | 98.29 | 80.86 | 77.16 |73.265| | 81.88 | 13.97 || 131.69
I 101.31| 74.80 |101.31| 88.06 | 97.93 |87.485| | 91.82 | 10.39 || 126.57
i) 144.69 | 104.24|144.69|124.47 |167.71|145.75| | 138.59 | 21.69 || 131.69
el 125.03|116.21 | 125.03| 120.62 | 153.84 |137.58| [120.72| 13.80 | | 131.69
oS 121.44| 95.18 |121.44|108.31|125.11|128.59 [ 116.68| 12,57 | | 126.57
i 141.24|115.45 | 141.24|128.35|154.43|139.86 | [ 136.76 | 13.32 | | 131.69
A 143.05|137.68 | 143.05|140.37 | 162.8 |193.96| [153.48| 21.75 | | 131.69
2;_»: 97.23 |101.53| 97.23 | 99.38 [125.34| 128.4 | [108.19| 14.59 | | 131.69
);( 101.70| 75.32 |101.70| 88.51 | 75.3 | 72.67 || 85.87 | 13.46 || 121.86
u“,/ 115.42| 90.34 |115.42|102.88|100.73|106.18| |105.16| 9.55 || 121.86
y 123.63|119.17|123.63|121.40 | 128.78|141.45| | 126.34| 8.06 || 119.64
o”{) 77.16 | 78.75 | 77.16 | 77.96 |103.29| 90.92 | | 84.21 | 10.75 || 119.64
J¢ 102.67| 99.27 |102.67|100.97 | 81.37 [119.54| [101.08| 12.15 || 119.64
,sz“ 118.18|112.10|118.18|115.14|156.59 |159.61 | [ 129.97| 21.93 | | 121.86
Jb 103.87| 88.84 |103.87| 96.35 | 58.04 | 82.1 || 88.85 | 17.33 || 119.64
S¥ 105.64| 70.32 |105.64| 87.98 | 60.98 [115.32| | 90.98 | 21.72 | [117.801




132.43|105.58|132.43|119.00|121.43|141.58| [125.41| 12.73 | [117.891
J&, 92.28 |115.44| 92.28 |103.86| 113.7 |93.895| (101.91| 10.73 146.45
P 105.51(116.21|105.51{110.86|113.39|102.07| [108.92| 5.42 146.45
.:,Q 152.17|142.50|152.17 |147.33|186.49|148.74| [154.90| 15.89 137.55

5

U}': 98.55 | 67.70 | 98.55 | 83.12 | 99.4 |71.195(| 86.42 | 14.53 146.45
ﬁ"' 120.70(133.27|120.70|126.98 | 141.74|138.01| [ 130.23| 8.88 146.45
s Lok 62.28 | 66.26 | 62.28 | 64.27 | 68.65 | 60.22 || 63.99 | 3.07 70.42
J‘? 63.32 | 44.52 | 63.32 | 53.92 | 56.82 | 35.64 | | 52.92 | 10.97 85.13
M( 67.88 | 59.30 | 67.88 | 63.59 | 71.27 |51.785| | 63.62 | 7.12 85.13
% 84.48 | 66.35 | 84.48 | 75.42 | 81.58 | 69.91 | 77.04 | 7.74 85.13
W}‘ 46.41 | 57.48 | 46.41 | 51.95 | 52.91 | 39.13 | | 49.05 | 6.43 85.13
/'f 51.42 | 45.43 | 51.42 | 48.43 | 51.77 | 40.6 48.18 | 4.45 70.42
,J;’ 71.13 | 63.97 | 71.13 | 67.55 | 96.35 |72.275(| 73.73 | 11.50 70.42
_7:/4‘ 60.54 | 55.36 | 60.54 | 57.95 | 63.04 |64.365| | 60.30 | 3.29 70.42
;‘/@ 73.38 | 69.74 | 73.38 | 71.56 | 89.29 | 68.42 (| 74.30 | 7.61 70.42
(74 62.88 | 62.64 | 62.88 | 62.76 | 69.09 |49.095(| 61.56 | 6.61 85.13




Q 78.54 | 58.78 | 78.54 | 68.66 | 78.74 |48.595( | 68.64 | 12.63 70.42
g 60.76 | 46.45 | 60.76 | 53.61 | 53.9 |42.355(| 52.97 | 7.45 85.13
&(L’ﬂ’{ 80.63 | 50.03 | 80.63 | 65.33 | 56.65 |46.605( | 63.31 | 14.86 70.42
.Lé‘( 78.60 | 70.91 | 78.60 | 74.76 | 91.1 | 54.97 || 74.82 | 11.86 85.13
L”i( 80.19 | 69.87 | 80.19 | 75.03 | 86.55 |69.155( | 76.83 | 6.75 85.13
Y

/;,j/ 92.06 | 57.73 | 92.06 | 74.90 | 87.59 |74.025(| 79.73 | 13.46 70.42
L.Lf{ 64.77 | 57.02 | 64.77 | 60.89 | 81.41 | 55.58 || 64.07 | 9.31 85.13
_uy/ 40.49 | 29.26 | 40.49 | 34.88 | 43.49 |41.275(| 38.31 | 5.27 70.42
&I/sz 79.71 | 70.58 | 79.71 | 75.15 | 87.09 | 78.42 || 78.44 | 5.49 85.13
_“/G 58.38 | 57.74 | 58.38 | 58.06 | 66.43 |{69.535| | 61.42 | 5.18 70.42
Ak 57.17 | 53.26 | 57.17 | 55.22 | 63.47 | 49.47 (]| 55.96 | 4.68 70.95
.;:{; 54.01 | 35.61 | 54.01 | 44.81 | 65.44 | 47.02 ] 50.15 | 10.13 70.42
»J/ 54.25 | 53.97 | 54.25 | 54.11 | 64.91 | 52.55 || 55.67 | 4.57 85.13
& 61.92 | 46.65 | 61.92 | 54.29 | 67.5 | 53.66 | | 57.66 | 7.50 72.76
|j¢{ 60.03 | 60.84 | 60.03 | 60.44 | 69.39 |41.445(| 58.70 | 9.20 85.66
/’}/ 48.83 | 43.51 | 48.83 | 46.17 | 44.56 |36.235]| | 44.69 | 4.68 71.86
P 61.72 | 56.14 | 61.72 | 58.93 | 59.69 | 33.44 | | 55.27 | 10.89 71.86




47.56 | 45.90 | 47.56 | 46.73 | 46.94 |32.775| | 4458 | 5.81 71.86

.:,{g 55.19 | 55.30 | 55.19 | 55.25 | 76.4 |40.765( ] 56.35 | 11.40 74.99
@,; 59.03 | 41.87 | 59.03 | 50.45 | 63.16 |40.155| | 52.28 | 9.68 74.99
C:w;{ 45.65 | 52.46 | 45.65 | 49.05 | 53.36 | 55.42 (| 50.26 | 4.13 71.86
L’%,{ 68.09 | 52.20 | 68.09 | 60.14 | 61.43 | 57.11 || 61.18 | 6.22 71.86
;{ﬂ; 59.78 | 56.05 | 59.78 | 57.92 | 74.86 | 37.01 || 57.57 | 12.12 71.86
/@5 70.65 | 65.24 | 70.65 | 67.95 | 79.34 | 76.76 || 71.76 | 5.33 74.99
/é 51.86 | 35.86 | 51.86 | 43.86 | 51.28 |127.61| | 60.39 | 33.53 74.99
))// 53.75 | 51.84 | 53.75 | 52.80 | 45.89 |40.755| | 49.80 | 5.32 71.86
W{; 53.99 | 48.30 | 53.99 | 51.14 | 57.2 | 39.88 || 50.75 | 6.11 71.86
Y 5 46.21 | 51.06 | 46.21 | 48.64 | 47.64 |46.205| | 47.66 | 1.94 74.99

N

ubf{ 63.55 | 55.19 | 63.55 | 59.37 | 79.21 | 47.55 || 61.40 | 10.59 71.86
% 42.63 | 46.96 | 42.63 | 44.80 | 47.72 | 40.66 | | 44.23 | 2.75 71.86
ZM’( 48.94 | 36.85 | 48.94 | 42.89 | 50.83 |53.095( | 46.92 | 5.99 74.99
|,’v;£ 59.01 | 37.01 | 59.01 | 48.01 | 57.02 |50.143( | 51.70 | 8.57 68.46
é 53.50 | 39.65 | 53.50 | 46.58 | 56.77 | 33.38 || 47.23 | 9.16 68.46
u"( 59.76 | 44.59 | 59.76 | 52.18 | 61.67 |73.765| | 58.62 | 9.79 58.34




I I 55.13 | 60.37 | 55.13 | 57.75 | 67.78 | 46.61 || 57.13 | 6.97 63.88
s I 53.96 | 46.74 | 53.96 | 50.35 | 54.82 | 51.72 ]| 51.93 | 3.04 63.88
(:3{ I 38.97 | 33.58 | 38.97 | 36.28 | 47.3 | 30.7 37.63 | 5.72 63.88
Ef I 50.82 | 36.16 | 50.82 | 43.49 | 58.55 |37.805| | 46.28 | 8.65 58.34
g‘.’/;C I 56.79 | 59.67 | 56.79 | 58.23 | 72.28 |76.385( | 63.36 | 8.67 58.34
(7% 1 65.14 | 57.96 | 65.14 | 61.55 | 73.84 |47.345( | 61.83 | 8.84 63.88
éﬂ’; 1 68.11 | 41.25 | 68.11 | 54.68 | 74.13 |48.525( | 59.14 | 12.95 63.88
J@ I 50.29 | 47.25 | 50.29 | 48.77 | 44.01 |33.435| | 45.67 | 6.44 58.34
urf“ I 46.39 | 67.54 | 46.39 | 56.97 | 54.06 |48.565( | 53.32 | 8.18 63.88
pds I 42.67 | 47.81 | 42.67 | 45.24 | 61.35 | 55.45 (| 49.20 | 7.61 58.34
V4 1 62.27 | 50.26 | 62.27 | 56.26 | 61.1 | 56.13 || 58.05 | 4.74 63.88
Uf,; 1 67.46 | 53.57 | 67.46 | 60.51 | 52.93 | 54.22 | | 59.36 | 6.84 63.985

Appendix P: SUM-OF-PRODUCTSRESULTS FOR CONSONANTS

Avg Avg Avg Avg Avg Avg
Word Consonant duration|duration|duration| duration|duration|duration| | Average| Standard SOP
speaker | speaker | speaker | speaker | speaker | speaker | | duration |deviation| duration
1 2 3 4 5 6
Qb m 93.33 79.58 84.83 93.80 85.91 85.64 87.18 5.46 90.77
QQ.JA n 80.94 80.73 7887 78.05 80.18 83.55 80.38 1.91 89.26
< o & t 27.92 3892 1147 1177 26.10 11.16 21.22 11.56 29.29




@\;M: d 1559 1028 12.28 883 1272 1058 || 11.71 237 || 26.29
“/' & tH 45.45 3573 43.41 5884 4153 7049 || 49.24 1291 || 60.42
Skl dH 7833 48.75 24.61 70.89 5056 22.01 || 49.19 23.09 || 61.24
N s 85.47 8559 95.65 112.65 8890 95.57 || 93.97 10.22 || 95.61
B1=S z 83.22 54.88 74.09 60.14 70.73 4655 || 6493 1352 || 66.74
J\ﬁg tS 35.22 4559 27.80 5441 3620 44.36 || 40.60 9.40 || 59.44
Jlovs dz 31.15 2298 29.09 3114 27.74 23.69 || 27.63 358 || 46.15
olas, r 31.38 2864 30.81 3027 30.27 21.65 || 28.84 3.64 ||43.87
LKL | 58.29 9056 5572 8220 68.19 113.39|| 78.06 21.95 || 77.58
olas, m 113.02 112.75 99.02 115.77 108.26 119.17||111.33 7.03 || 90.79
JL"'C n 120.97 100.44 104.09 89.89 108.50 117.21||106.85 11.37 || 92.67
Dl o t 52.84 27.60 14.44 2471 3162 11.78 || 27.16 1472 || 18.94
ol d 44.98 22553 2091 1954 2948 2153 || 2650 9.70 || 50.01
s tH 75.06 34.09 84.40 90.77 6452 5572 || 67.43 2073 || 32.22
¢
'CM s 75.53 59.61 73.55 84.05 6957 63.16 || 7091 884 || 88.64
w5 z 78.45 5861 83.89 97.18 7365 6342 || 7587 14.02 || 67.42
SkeS tS 37.24 37.04 57.85 8227 4404 94.16 || 5877 24.32 || 90.33
s’.‘)b?/g dz 30.37 3247 3856 4375 3380 44.41 || 3723 595 ||63.78
N PN r 39.35 27.47 4580 39.14 3754 3812 || 3790 592 ||43.02
Jb3 R 138.36 25.09 20.16 30.77 61.20 17.26 || 48.81 46.64 || 31.54




Sl | 79.40 7817 7417 66.10 77.24 5960 || 72.45 7.90 || 78.13

(,L..,q m 01.34 6744 7544 11269 78.07 80.22 || 8420 15.96 || 93.66
Vs

S n 66.13 67.67 63.10 86.11 6563 87.56 || 72.70 11.06 || 92.49
LS t 88.15 10.51 11.04 1022 3657 866 || 2752 3154 || 10.89
Y/ /L

KOS d 114.02 1022 14.04 883 46.09 14.36 || 3460 41.30 || 49.05

é—.g & tH 5476 30.86 41.47 57.96 42.36 49.20 || 46.10 9.93 || 80.40

2 dos s 7455 85.05 105.13 13528 88.24 112.30||100.09 22.05 || 97.90

ro) z 96.10 50.69 51.29 5822 66.02 51.27 || 62.26 17.61 || 62.03
S tS 5454 2690 24.86 57.51 3544 5336 || 4210 14.77 || 67.62

&b~ dz 104.06 27.04 3656 30.61 5589 30.84 || 47.50 2957 || 58.21
e r 116.10 36.69 31.81 36.04 61.53 20.30 || 50.41 34.89 || 57.36
V.

\;§.~J | 85.83 73.08 8894 97.42 8262 9121 || 8652 828 ||83.74

& o m 85.09 84.15 8545 12540 84.90 103.43|| 9474 16.76 || 93.68

Jr n 100.99 94.67 106.97 125.50 100.88 92.54 ||103.59 11.89 || 95.90
> t 2229 1678 29.11 1342 2272 1017 || 19.08 6.94 || 054
;,//

6‘})5 d 4533 2482 2591 2023 3202 2540 || 2895 886 || 7277
Y/

OL@S tH 4861 75.81 59.33 13845 6125 92.68 || 79.36 32.73 || 52.20
L/

< ,AVS dH 75.80 3879 20.73 89.42 4511 21.95 || 4863 2829 || 88.68

Scs s 56.19 56.66 53.86 70.30 5557 7536 || 6132 9.0 || 90.93




0955 z 81.80 72.11 77.97 8051 77.29 5801 || 7462 880 ||62.71
Yo tS 25.77 4569 5212 9516 4119 10550|| 60.91 31.92 || 98.51
0 A dz 34.11 3448 24.80 55.09 31.13 4093 || 36.76 10.40 || 75.84
03 2 r 84.46 30.33 31.88 4858 48.89 28.60 || 45.46 21.16 || 56.51
bj/i R 4432 3234 2863 2644 3509 46.29 || 3552 817 || 3845
e I 92.45 110.26 89.84 71.42 9751 81.20 || 90.44 13.38 || 84.29
J\s(; m 79.95 61.62 68.25 80.41 69.94 78.20 || 73.06 7.64 || 90.77
Jhg n 9412 7181 7153 8053 79.15 85.78 || 80.49 8.62 || 89.26
By t 13.97 1033 1088 11.33 11.73 924 || 1125 159 || 29.29
LK% d 19.84 1124 1265 884 1458 1060 || 1296 3.89 || 26.29
o & tH 51.45 24.99 26.07 26.02 34.17 4208 || 34.13 10.75 || 60.42
oMa 3 dH 97.65 61.89 64.98 7144 T7A84 8462 || 7590 1331 ||61.24
o s 103.26 88.47 86.26 129.44 92.66 99.99 |[100.01 1583 || 95.61
ad z 86.86 53.93 62.16 5338 67.65 61.97 || 6432 1230 ||66.74
Ok tS 16.37 33.14 2823 57.09 2591 5178 || 3542 1579 || 59.44
D smle dz 29.67 2818 29.93 27.95 2926 2343 || 2807 241 ||46.15
JL 3 r 80.59 37.17 3250 32.25 50.09 38.11 || 4512 1855 || 43.87
Ll | 64.01 7548 66.02 77.02 6850 74.45 || 7091 544 ||77.58
r:L, m 81.60 62.57 77.94 87.09 7404 9153 || 79.13 10.24 || 93.66




S5k n 7591 53.46 79.91 100.11 69.76 87.36 || 77.75 1584 || 92.49
Qs t 10.26 16.98 1363 9.15 1362 952 || 1219 3.07 || 10.89
JJS d 36.94 1525 1569 8.92 2263 1469 || 19.02 9.80 || 49.05
j}.@j tH 57.69 41.04 43.32 5220 47.35 53.90 || 49.25 6.44 || 80.40
oo lad dH 80.00 71.08 7950 8591 76.86 9597 || 8155 855 ||105.84
ﬁh S 77.75 78.07 95.79 116.83 83.87 96.16 || 91.41 14.90 || 97.90
sl z 50.05 5442 67.74 6214 57.40 56.37 ||58.02 618 || 6203
;\o tS 30.22 32.76 34.04 40.77 3234 5355 || 3728 874 ||67.62
Qn\q dz 30.84 30.13 36.14 4221 3237 3363 || 3422 446 ||5821
Qs r 108.33 36.84 33.74 3824 5964 39.82 || 5277 2874 ||57.36
&Y | 76.91 62.68 8565 7923 7508 7224 || 7530 7.67 || 8374
Appendix Q: ANOVA RESULTSFOR VOWELS:
a 9
Source of | o af | ms | F | P lEcit| [Sourceotl g5 | g | ms | F | P |Ferit
Variation value Variation value
Between | ya1697| 5.00 [968.19]4.63| 0.00 | 2.30 | | BEWeeN | 1793 14| 5.00 |354.63/2.82| 0.02 | 2.28
Groups Groups
Within |1 340,93/ 102.00|209.22 Within 116115 15/144.00/125.78
Groups Groups
Total |26181.90] 107.00 Total |19885.29]149.00
u (V)
Source of | g df MS | F | P |Ferit| |Source of| o d | ms | F | P lFerit
Variation value Variation value
Bgtwee” 2660.48 | 5.00 |532.10/1.91| 0.11 | 2.37 | [ BEWeeN | 529782 | 5.00 |459.56/6.07| 0.00 | 2.30
roups Groups
Within |1 237 35| 60.00 |278.96 Within | 225c 59 1102.00| 75.74
Groups Groups




Total |19397.82 65.00 Total |10023.41/107.00

i I
Source of | o df mMs | F | P |Fcrit| |Sourceoff oq a | ms | F | P |Ferit
Variation value Variation value
Between | ,,/5 79| 5.00 [409.16]1.67| 0.16 | 2.41 | | BEWEEN | 69g 35 | 500 (139.67|2.66| 0.03 | 2.34
Groups Groups

Within -1 1794 10| 48.00 |244.46 Within | 3224 69| 72.00 | 52.43

Groups Groups

Total 13779.89| 53.00 Total 4473.05|77.00

ae
Source of | o af | ms | F | P |Fcii
Variation value
Between | 15916 | 5.00 |31.83 [0.07| 1.00 | 2.62

Groups

Within |11 604 84| 24.00 |483.53

Groups

Total |11764.00| 29.00

Appendix R: ANOVA RESULTSFOR CONSONANTS:

m n
Source of P- . Source of P- .
Variation SS df MS F value F cnit Variation SS df MS F value F cnit
Between | 14470 | 5.00 | 98.94 |1.37/0.26 | 2.53| | BEWeeN | 356 49| 5.00 | 65.30 |0.67| 0.65 | 2.53
Groups Groups

Within 1 5151 71 |30.00| 72.06 Within —\,454 39/30.00| 97.48

Groups Groups

Total | 2656.41 |35.00 Total |3250.88(35.00

t d
Source of | oo | ¢ | ms | F | P |Ferit] [SOUCeOfl g5 | g | ms | F | P | Ferit
Variation value Variation value
Between | 1476 04| 5.00 | 214.01 |1.07| 0.40 | 2.53 | | BEWeeN | 529 68| 5.00 [175.94/0.77| 0.58 | 2.53
Groups Groups

Within | 5999 18 |30.00| 199.97 Within | -e98 75/30.00|229.96

Groups Groups

Total |7069.22 |35.00 Total |7778.43|35.00

t d"




Sourceof | oo | gt | ms | E | P lFent| [SOUceOfl g5 | gr | ms | F | P [ Farit
Variation value Variation value
Between | 1,48 90| 5.00 | 241.78 [0.79| 0.57 | 2.53 | | BEWeeN 11548 00| 5.00 [317.60/0.87| 0.52 | 2.77
Groups Groups

Within | 9543 93 [30.00| 306.80 Within | 290 49|18.00|366.14
Groups Groups

Total |10412.82|35.00 Total |8178.48|23.00

S z
Sourceof | oo | ¢ | ms | F | P |Ferit] [SOUCeOfl g5 | g | ms | F | P | Foerit
Variation value Variation value
Between | »14 g7 | 5.00 | 122.37 [0.94| 0.47 | 2.53 | | BEWeeN | 5ae 80| 5.00 [117.36|2.54 | 0.05 | 2.53
Groups Groups

Within | 3002 64 (30.00 129.52 Within 1, 357 78130.00| 46.26
Groups Groups

Total | 4497.51 |35.00 Total |1974.58|35.00

tf d3
Sourceof | oo | ¢ | ms | F | P |Ferit] [SOUCeOfl g5 | gf | ms | F | P | Foerit
Variation value Variation value
Between | o113 45| 5.00 [1282.68|7.90| 0.00 | 2.53 | | BEWEeN | 435 741 5.00 | 86.55 |0.80| 0.56 | 2.53
Groups Groups

Within | 1273 67 [30.00| 162.44 Within 15533 38130.00|107.78
Groups Groups

Total |11286.49|35.00 Total |3666.13|35.00

r 1
Source of | oo | gt | ms | F | P Fcrit] [SOuceofl s | g | ms | F | P |Ferit
Variation value Variation value
Between | 540/ 42| 5.00 | 416.88 [3.11] 0,02 | 2.53 | | BEWeeN | 188 30| 5.00 | 37.66 |0.54| 0.74 | 2.53
Groups Groups

Within | 4156 50 |30.00| 134.22 Within 564 42/30.00| 69.48
Groups Groups

Total |6110.91 |35.00 Total |2272.72/35.00

r
sourceof | oo | 4t | ms | F | P Rt
Variation value
Between | 3.4, 90| 5.00 | 738.84 |0.80| 0.59 | 4.39
Groups

Within | o006 36 | 6.00 | 921.06
Groups

Total | 9220.56 |11.00
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