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Abstract

This study looks at the role of lexical stress in Urdu prosody.
The literature on lexical stress is divided, with some authors de-
veloping algorithms for stress assignment, while others deny its
relevance for prosody. We performed three experiments to in-
vestigate this issue. We found evidence that a strong increase in
the duration of a syllable indicates stress and that lexical stress
and phrasal intonation interact in a non-trivial manner. We also
found that stress perception varies according to syllable weight
with weight clash being a determining factor.

Index Terms: Urdu/Hindi, lexical stress, duration, pitch in-
crease, intonation, phrase languages, weight clash

1. Introduction

We are part of a cooperative project that is interested in develop-
ing a Text-to-Speech (TTS) system for Urdu.! Natural sounding
TTS needs information about speech prosody [1], including lex-
ical stress [2]. However, there is still comparatively little work
on Urdu/Hindi® prosody and the literature is contradictory with
reference to lexical stress, with some papers claiming that lexi-
cal stress does not play a role in Urdu/Hindi [3, 4]. We present
three experiments designed to shed light on the issue of Urdu
lexical stress: two production experiments that probe the acous-
tic correlates of lexical stress and one perception experiment.

2. Urdu Lexical Stress and Intonation
2.1. Intonation

Going back to at least [5], the consensus is that the basic
prosodic structure of an Urdu/Hindi clause consists of a series
of LH contours with a fall on the last constituent [6, 7, 8]. How-
ever, the precise nature and distribution of the LH contours re-
mains the subject of debate. [5] lists three possibilities for the
realization of the basic LH: 1) a bitonal pitch accent; 2) an L*
pitch accent followed by an H boundary tone; 3) an LH accen-
tual phrase. [3] surveys two Indo-Aryan (Hindi and Bangla)
and two Dravidian languages (Tamil and Malayalam) and of-
fers a new class in the typological space of intonational systems:
“phrase languages”. These phrase languages are characterized
by a phrasal accent which determines the prosodic phrasing,
rather than pitch accents or lexical stress. The association of
L and H with syllables is therefore predicted to be variable, but
continues to be tied to phrasing (L, and H,). There is conse-
quently no predetermined syllable to receive the pitch accent.
[3] posits this analysis in part because of an inability to find ev-
idence for lexical stress in these languages. However, [9] show
that definitive phonological cues can be adduced for the iden-
tification of lexical stress in Bangla: stress can only be word

Thttps://tech.cle.org.pk/services/speech/tts

2Urdu and Hindi are close variants of one another, the major differ-
ence lies in the script and in Perseo-Arabic borrowings (Urdu) vs. San-
skrit (Hindi). The variants are completely mutually intelligible.
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initial, nasal vowels have to be stressed and geminates can only
exist in stressed syllables, see also [10].

2.2. Lexical Stress

The literature on lexical stress in Urdu/Hindi is controversial.
[3] argues that native speakers’ inconsistent intuitions about
lexical stress speak against the existence of lexical stress. On
the other hand, while [11], [12], and [13] show variation in the
placement of stress in a Hindi word, the existence of lexical
stress per se in Urdu/Hindi is not denied. Rather they assume
that Urdu/Hindi has lexical stress and posit that syllable weight
plays an important role in stress assignment. However, there is
disagreement as to the exact location of lexical stress.

Urdu displays eight types of syllable structure [14]. Sylla-
ble weight can be determined by mora count. Long vowels are
bimoraic, short vowels and coda consonants are monomoraic.
We follow the algorithm developed in [15], according to which
stress in Urdu is sensitive to syllable weight. Stress falls on
the first non-light syllable that is encountered when proceeding
from the end of the word. However, word final moras are ana-
lyzed as extrametrical and so final heavy syllables do not carry
stress. For other, slightly different, analyses of stress assign-
ment see [11], [12], [13], and [16].

The examples in (1) from [13] and [15] illustrate that both
strong-weak and weak-strong variants of a word are possible in
Urdu/Hindi. These examples support the argument by [3] about
inconsistent intuitions of speakers with regard to lexical stress.>

(D ['komoal]~[ko'mal]

['1brani]~[1b'rani]

['sa:la:na:]~[sa:'la:na:]
['pefa:ni:]~[pe'[a:ni:]

Most of the work on Urdu/Hindi stress has been based on intro-
spective data and/or on evidence from poetic meter [18]. Work
dealing with the acoustic correlates of stress in Urdu/Hindi are
[4], [18] and [19]. [4] concludes that there is no significant dif-
ference in the duration of stressed and unstressed vowels and
that the stressed syllable has a rising pitch followed by a fall.
On the other hand, experiments conducted by [18] show that
stressed syllables have a longer duration and a low f0, see also
[19]. [18] also notes that [4] could not find the impact of dura-
tion because the stressed and unstressed syllables chosen in the
experiment were not fully matched in their segmental structure.

Another argument brought to bear by [3] against lexical
stress in South Asian languages is perceived misalignments be-
tween the low tone and the stressed syllable in Bangla. This
leads her to reanalyze Bangla — a language prosodically very
similiar to Hindi/Urdu — as a phrase language. In our own
work on developing an annotated speech corpus for Urdu [20],
we have also not observed a completely straightforward align-
ment pattern between the L (or H) tone and the stressed syllable.

3[17] also points out the variation in Hindi stress but attributes the
variation to the fact that Hindi is spoken by a very large population who
also speak some other South Asian language as their mother tongue.
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However, this might be due to a number of factors, including
effects of derivational morphology and cliticization. This pa-
per therefore aims to adduce additional experimental evidence
to help resolve the question of lexical stress in Urdu.

3. Experiment 1: Matched Segments
3.1. Methods
3.1.1. Materials

To address the issue of differences in segmental material in the
realization of stress as raised by [18], we selected eight pairs of
common Urdu words. The pairs consist of identical segmental
material in the target syllable and in the onset of the following
syllable. The rest of the word contains similar segmental mate-
rial. The target syllable is stressed in the first member of a pair,
and unstressed in the second member, see Table 1.

Table 1: Word pairs with differing stress in target syllable (bold)

Stressed Unstressed  Translation

'lo.ha lo.'har iron, blacksmith
‘man.fa mon. [ur aim, manifesto

‘mo.ri mo.'riz died, patient

‘ad.rok ad."rak ginger, awareness
‘ma.ti mo. tin obedient, soft spoken
la.'ga.ta la.ga.'tar to add, continuously
mo.'za.llm  mo.za.'min  cruelty, subjects
'xa.to.ra X9.19. Tat danger, dangers

3.1.2. Procedure

Participants were asked to produce the target words in two set-
tings: 1) in isolation; 2) in the carrier sentence in (2). Random-
ized target words and sentences were interspersed with fillers
and presented via slides in the Urdu script. Recordings were
done in an anechoic chamber with a sampling rate of 48 kHz.

@

18 lofz ka: motlob — ho: ga:
‘The meaning of this word will be —.

s

3.1.3. Participants

Ten Pakistani Urdu speakers (& = 22.3 years, SD = 2.40 years,
6 female) participated in the experiment and were given a small
payment. All participants live in Lahore and also speak the re-
gional language Punjabi. None had hearing/speaking disorders.

3.1.4. Data treatment

In total, we collected 480 productions (2 contexts x 16 words x
10 speakers: 5 recorded the target words twice and 5 only once).
Of the 480, 40 items were rejected by an Urdu native speaker
trained in linguistics due to mispronunciation and glottalization.
As shown in Figure 1, target words were annotated using the
standard annotation criteria [21] and the Praat software [22].
The data were annotated via the guidelines established by [23].

Lexical stress was automatically annotated using the algo-
rithm from [15] via a tool developed as part of our coopera-
tive project. A further tier records lexical stress as perceived by
three native speakers and one non-native speaker. Only exam-
ples with unanimous labelling were used for the further analy-
sis: a final count of 306 files.*

4Most of the data were removed because of inconsistent pronuncia-
tion of the 'xo.to.ra~xa.to. rat pair.
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Figure 1: Wave file and pitch contour with annotation. The tiers
show the word in IPA (1), its segments (2), syllables (3), stress
marked using perception (4), stress via the algorithm in [15]
(5), and tone (6) in the target word [mozamin] ‘subjects’.

[18] measured syllable duration and formant structure of
vowels to explore the acoustic evidence for lexical stress in
Hindi with respect to 3 participants. We aimed at checking the
results with a larger sample size. Our data was analyzed with
linear mixed effect regression (Imer) models with the stress pat-
tern (Lstress) as fixed factor and participants and syllables as
crossed random factors (adjustment of intercepts and slopes). P-
values were calculated using the Satterthwaite approximation.

3.2. Results
3.2.1. Syllable duration

The statistical analysis showed a strong increase in the dura-
tion of the stressed syllable (5= -0.04, SE = 0.005, t = -7.09,
p < 0.001) as illustrated in Figure 2. Duration was also highly
significant when isolated words and words pronounced in a car-
rier sentence were analysed individually, but the results did not
differ greatly from the overall results found for duration.

Duration (in s)

stressed unstressed
Stress pattern in syllable

Figure 2: Duration in stressed and unstressed syllable pairs

3.2.2. Fundamental frequency

Another effect was found with the fundamental frequency (f0),
which we converted into semitones (ST) before the analysis.
The mean ST was significantly lower in the stressed syllable
(8=0.66, SE=0.14, t= 4.8, p < 0.001) compared to the un-
stressed syllable. This effect was much more pronounced with
the isolated words in comparison to the target words in the car-



rier sentences, where the effect was still significant, but less so
(8=0.61,SE=0.24,t=2.5, p < 0.05).

For a more detailed overview of the fO patterns, we took all
word pairs where the target syllable was directly followed by
the syllable with the alternate stress (7 word pairs, 268 record-
ings) and extracted five evenly distributed fO measurements per
syllable. The resulting ten data points were converted into ST
and the mean values for each point were calculated across all
speakers and word pairs. Of these, the first two points — cov-
ering the onset of the first syllable (S1) — were discarded, as
there was often no discernible pitch and the extracted fO values
showed great variation. The average pitch in ST is shown in
Figure 3 for isolated words and in Figure 4 for the words in the
carrier sentence, starting from the third data point (S1P3).

stress,
— 1st stressed

---- 2nd stressed

Average pitch (in semitones)

S1P3 S1P4 S1P5 S2P1 S2P2 S2P3 S2P4 S2P5
Position in syllable

Figure 3: Pitch in isolated words. The first syllable (S1) is tar-
get. The second syllable (S2) is the stress alternate.

If the target S1 is stressed in isolated words, it shows a
strong L towards its end, followed by a strong rise in the second
syllable (S2) (Figure 3). If the target syllable is unstressed and
S2 is stressed, the pitch remains high and only falls to a (less
pronounced) L within S2. In carrier sentences (Figure 4), the
target syllable still receives a low tone if stressed, but the fall in
pitch is less pronounced. The following rise to the S2, however,
is much stronger compared to the rise in the isolated word. If
the target syllable is unstressed, there is only a slight lowering
in the pitch. The low pitch continues in the stressed S2 before it
rises towards the end.

14+
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stress
— 1st stressed

~

---- 2nd stressed

Average pitch (in semitones)

S1P3 S1P4 S1P5 S2P1 S2P2 S2P3 S2P4 S2P5
Position in syllable

Figure 4: Pitch development in words with carrier sentences.
S1 is the target syllable. S2 the stress alternate.

3.3. Discussion

The results support the existence of lexical stress in Urdu.
Stressed syllables have a significantly longer duration in both
conditions. This tallies with the results in [18] for Hindi.

The 0 results are new (as far as we know) and illustrate an
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interaction between lexical stress and intonational phonology.
In both isolated and carrier conditions, the fO is significantly
lower in the stressed syllable. This is consistent with an associ-
ation of L with a stressed syllable, as posited by the L*H anal-
ysis of the basis LH contour However, this basic LH contour is
only in evidence in words produced within the carrier sentence
(Figure 4), but not in words spoken in isolation (Figure 3). The
placement in the carrier sentence invites speakers to emphasize
the word: it is in the preverbal focal position [24, 25, 3] and it
expresses new/noteworthy information. The literature has iden-
tified differing acoustic correlates for the expression of focus,
robustly among these is an increased pitch span (e.g., [7]).

In Figure 4 both types of words end on a target H at a sim-
ilar level, in contrast to the contours in Figure 3. This final H
in Figure 4 realizes an increased pitch span in comparison to
Figure 3. This is consistent with the expression of focus.

Our results thus indicate that the basic LH pattern observed
consistently in the literature is an effect of phrasal intonation.
Our results are consistent with an L*H analysis and we suggest
that the variation or misalignments cited by scholars such as [3]
in favor of a phrasal L,H; approach may not have taken into
account in sufficient detail and depth the complexities of the
interaction between lexical stress and phrasal intonation.

4. Experiment 2: Minimal Pairs
4.1. Methods
4.1.1. Materials

The effects of lexical stress are best studied via complete mini-
mal pairs. However, we were only able to identify the two pairs
in Table 2, where word meaning is distinguishable via stress [4].

Table 2: Minimal word pairs differentiated by stress

1st syllable stressed  2nd syllable stressed
'‘gola  ‘throat’ gd'la  ‘to cook’
‘gota  ‘thick cloud”  go'ta  ‘to reduce’

In order to elicit a strong acoustic signal for stress, we em-
bedded them in in question-answer pairs, which elicited a pro-
duction with contrastive stress on the target word, e.g., “Did
you burn the meat? — No, I cooked the meat.", “Is your ear
infected? — No, my throat is infected.”

4.1.2. Procedure

All questions were pre-recorded and presented to the partici-
pants via headphones. The answers containing the target words
were presented on a laptop screen in Urdu script. The partici-
pants listened to the questions and then produced the answers
as presented on the screen. The recording took place in an ane-
choic chamber at the sampling rate of 48kHz.

4.1.3. Participants

Fourteen Pakistani Urdu speakers (& = 20.9 years, SD = 2.33
years, 8 female) participated in Experiment 2 for a small pay-
ment. They had the same background as in Experiment 1.

4.1.4. Data treatment

A total of 56 recordings were collected in Experiment 2 (2 x
2 words x 14 speakers) and annotated as in Experiment 1. In
our pairs, stress pattern happened to correlate with word cate-
gory: the words with S1 stress are both nouns, the words with



S2 stress are verbs. The target words are thus necessarily placed
in different syntactic environments. This in turn means that fO
measurements are not meaningful as it is complex to distinguish
between effects of sentence intonation and lexical stress. How-
ever, durational effects should only be sensitive to lexical stress
and position within a prosodic unit. Duration was therefore an-
alyzed using the same method as in Experiment 1.

4.2. Results

The statistical analysis showed an increase in duration in the S1
if the syllable was stressed (8 =-0.015, SE =0.005, t =-2.802, p
< 0.05). The S2 also showed an increase in duration if stressed,
but the effect stops short of being significant.

4.3. Discussion

The results reveal a durational effect on the lexically stressed
S1, but not on the stressed S2. We attribute this to the dif-
ference in word category, which leads to a different syntactic
placement in the clause, which in turn affects prosodic phras-
ing. The words with a stressed S1 are nouns and in our material
were placed before the verbal complex. In this position they re-
ceive a typical LH pattern and the (unstressed) S2 of the noun
is the last syllable of a prosodic phrase [5]. The S2 therefore in
all likelihood undergoes lengthening, leading to a lack of differ-
ence between the unstressed S2 of the nouns and the stressed S2
of the verbs. The stressed syllables of the verb have a longer du-
ration due to lexical stress; however, in our examples the verb is
not phrase final (being followed by a light verb, [26]), prevent-
ing prosodic phrase final lengthening and we therefore see no
statistical effect on the S2.

However, a statistical effect is observed when comparing
the S1. The S1 duration of both nouns and verbs here is not
confounded by boundary lengthening effects and we can see the
effect of lexical stress: the stressed S1 of the noun has a longer
duration in comparison to the unstressed S1 in the verb.

5. Experiment 3: Perception

We noticed that the reported examples of inconsistent native
speaker intuition with respect to stress placement seemed to in-
volve instances of weight clash (cf. (1)). We therefore designed
an experiment testing speaker perception of lexical stress with
respect to words that exhibit a weight clash vs. ones that do not.

5.1. Methods

5.1.1. Materials

We selected 14 frequent Urdu words, of which 7 exhibit weight
clash: 3 trisyllabic and 4 bisyllabic. All the target words have a
CVV.CVV structure. The 7 weight clash words were random-
ized with the 7 words which do not show weight clash.

Table 3: List of words with and without weight clash

Words with weight clash ~ Words without weight clash
na'razi ‘upset’ oxba'rat ‘newspapers’
xa'mofi ‘silence’ ehka'mat  ‘orders’
zo'mana  ‘time’ mozu'at ‘topics’

'‘gana ‘sing’ ha'lat ‘condition’

‘beti ‘daughter’ me'dan ‘ground’

'gora “fair’ ‘bula ‘call’

‘mit"a ‘sweet’ Toga “fix’
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5.1.2. Procedure

Randomized target words with their syllabification were pre-
sented to participants on a paper in Urdu script. Participants
were asked to read the word and circle the most prominent syl-
lable. They were allowed to opt out of circling any syllable. if
they thought no syllable was stressed.

5.1.3. Participants

The data was collected from 14 speakers (& = 27.3 years, SD =
5.13 years, 7 male) who were born and raised in Lahore. Since
there is a possibility that a regional language may influence
stress perception [17] we only consulted speakers who spoke
the same regional language (Punjabi) besides Urdu.’

5.2. Results

No words were left unlabeled. Participants were not able to
judge stress in weight clash words at a better than chance level.
In bisyllabic words, the distribution was: S1 48% and S2 52%
and in trisyllabic words, the distribution was: S1 36%, S2 26%
and S3 38%. However, in situations where there was no weight
clash, participants perceived the target syllable as stressed 75%
of the time in bisyllabic words, and 76% in trisyllabic words.

5.3. Discussion

Syllable weight has been tied to the determination of stress in
Urdu/Hindi [13, 16, 15] in that each heavy syllable can lead to
stress perception, causing variability in stress assignment. This
variability is reflected in our data. However, in words without
weight clash, participants prefer right edge accentuation with
stress on the final or penultimate syllables depending on the
moraic weight of the syllable. This preference for right edge
accentuation is in line with [13, 15], but the stark effect of
+weight clash has not been previously reported. We are cur-
rently exploring the role of on-going lexicalization of originally
derivational words as a source for the variation. This variation
aside, our results show that lexical stress perception is not ran-
dom, but is dependent on syllable weight and weight clash.

6. Conclusion

We have presented three experiments that were designed to
probe the question of lexical stress in Urdu. Our results support
the existence of lexical stress with duration being a strong indi-
cator. We also found that lexical stress interacts with phrasal in-
tonation and that our results are compatible with an L*H analy-
sis of the basic LH pattern in Urdu. We also found that speakers
indeed vary in their perception of stress, as has been reported
previously in the literature, but that this variation is related to
syllable weight and weight clash.
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