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Abstract

Despite advancements in Speech-to-Speech Translation, main-
taining expressiveness between the source and target speech,
particularly between English and Indian languages, remains
challenging. This study investigates prosodic similarities and
variations between English and Malayalam, a language spoken
in southern India. A set of 22 prompts from the IViE corpus,
covering five categories—simple sentences, WH-questions,
questions without morphosyntactic markers, inversion ques-
tions, and coordinations—was selected. These prompts, orig-
inally spoken by UK speakers, were translated into Malayalam
and both language prompts were recorded by bilingual Malay-
alam speakers while preserving expressiveness. Word-level
prominence was manually annotated, and comparisons were
made across Indian English, Malayalam, and UK English. The
analysis reveals that prominence is retained at key points in In-
dian English, whereas in Malayalam, it is low due to question
specific diacritics and agglutinative nature.

Index Terms: Speech-to-Speech Translation, Prominence,
Bilingual prosody, Expressiveness, English-Malayalam

1. Introduction

Significant progress has been made in speech-to-speech trans-
lation and audio dubbing, with most research focusing on gen-
erating clear and natural speech in the target language. How-
ever, relatively little effort has been dedicated to preserving the
expressivity of the source language in the translated speech,
especially for Indic languages. Several studies such as [1-3]
have specifically focused on capturing emphasis in English-
to-Japanese translation. Additionally, works like [4-6] have
investigated methods for transferring prosodic characteristics
across Spanish, English, Italian, French, German and Cata-
lan. The studies by [7-11] made significant contributions to
bilingual speech prosody analysis from different perspectives.
An exploration of how Chinese-English bilinguals adjust their
speech rhythm in quiet versus noisy environments and the role
of prosodic features in distinguishing sarcasm and sincerity in
bilingual English-Chinese speakers was reported in [7, 8]. The
study [9] provided insight into the acquisition of fundamental
frequency (FO) in Cantonese-English bilingual children, shed-
ding light on how early bilingual exposure influences pitch pat-
terns in both languages. The focus of [10] was on emotional
prosody recognition in bilingual societies, comparing spectral,
prosodic, and combined features to enhance speech recogni-
tion models whereas [11] examine multilingual speech emotion
recognition, comparing English and German speakers’ emo-
tional prosody to identify cross-linguistic patterns.

Although bilingual speech prosody has been analyzed
across various languages and scenarios, some studies have ex-
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amined prosodic features in Malayalam speech. Emotional
speech prosody in Malayalam and Hindi was compared by [12].
Rhythm Formant Analysis (RFA) was used by [13] to classify
Malayalam and other Indic languages. The rhythmic structure
of Malayalam poetry was analyzed using computational mod-
els by [14]. Studies like [15, 16] demonstrate the complexity of
Malayalam morphology, especially in handling verbal and nom-
inal inflections and employ character-level analysis to model
morphological patterns. Dictionary Based, Rule Based and Sta-
tistical approaches for building Malayalam Machine Transla-
tion Systems are depicted in [17, 18]. Despite these, there has
been no significant research on the bilingual prosody of English
and Malayalam speech.

In this study, prosodic prominence analysis is conducted
on English and Malayalam utterances spoken by 132 bilingual
speakers of both languages. The analysis is carried out in two
stages: (1) to examine the usage of prominence and (2) to an-
alyze word-level prominence variations in conveying the same
expressivity. For this study, five different sets of English sen-
tence stimuli, totalling 22 sentences with varying expressivity,
were selected from the IVIE corpus [19]. To ensure expressiv-
ity was preserved, these stimuli were manually translated into
Malayalam, and aligned English-Malayalam word pairs along
with Parts-of-Speech tags were manually identified. Both En-
glish and Malayalam stimuli were used in the recording process,
involving 132 bilingual speakers. A total of 5808 utterances in
English and Malayalam were manually annotated to indicate
prominence at the word and sub-word levels. The prominence
variations in these utterances were compared with 792 utter-
ances from the IViE corpus, spoken by 36 UK speakers for
the same 22 sentences. We study the usage and preservation
of prominence in Indian English, Malayalam, and UK English
by analysing the speech at the word level between all three lan-
guage pairs. From the study, it is observed that speakers re-
tain prominence at critical junctures while speaking English,
whereas, in Malayalam, the correlation is lower due to its dis-
tinct agglutinative nature.

2. Motivation

The prosodic prominence analysis of the English-Malayalam
language pair is critical due to their significant differences in
structural and prosodic elements. This is because Malayalam
is a Dravidian language that contains agglutinative word forms,
which contrasts with English, a Germanic language, in aspects
of word order, stress and rhythmic patterns. Malayalam is typi-
cally syllable-timed, where each syllable has a similar duration.
However, English is stress-timed, where the intervals between
stressed syllables are relatively consistent. These differences
pose unique challenges in ensuring meaning and naturalness
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from Speech-to-Speech Translation (S2ST) systems. For ef-
fective translation, prosody in Malayalam, which is conveyed
through pitch variations for questioning and prominence, must
be mapped onto English prosodic features, where stress plays a
critical role in distinguishing word meaning. It is to be noted
that the prosodic prominence analysis could be helpful in fur-
ther consideration of English and Indian language pairs.

3. Data Collection

In this study, English and Malayalam sentences were recorded
from 132 Malayalam speakers, following the same transcript
used in the IViE British Corpus in English (36 UK English
speakers) and the corresponding translation in Malayalam. The
Malayalam speakers were instructed to read the sentences by
preserving expressivity. The English text in the IVIiE corpus
has 22 sentences of the following five sentence types with the
acronyms: simple sentences (DEC), WH-questions (WHQ),
questions without morphosyntactic markers (DQU), inversion
questions (YNO) and coordinations (COO). Thus, the En-
glish and the respective translated Malayalam text enable a
controlled comparison between the two languages for cross-
linguistic studies on prosody, phonetic shifts and prominence
variations.

4. Analysis Methodology

A detailed analysis of prominence usage and its preservation be-
tween the English and Malayalam language pair, is performed
as shown in Figure 1 and 2, respectively. The details of each
of the analyses and manual annotations are explained in the two
subsections below.

4.1. Prominence Usage Analysis

This analysis examines prominence use across three speech va-
rieties: Indian (Malayalam) English, UK English, and Malay-
alam as shown in Figure 1. The UK English speech samples are
taken from IViE corpus. The Malayalam English and Malay-
alam speech samples are collected from the same speaker in
this study and the word-level prominence markings and parts-
of-speech (POS) tags were manually annotated. This analysis
focuses on how prosodic prominence is commonly applied to
different sentence types and grammatical categories, providing
insights into language-specific prominence usage.

4.1.1. Word Prominence and POS annotation

We manually annotated all 5808 speech samples that are
recorded from 132 bilingual (Malayalam and English) speakers
speaking 22 sentences in both English and Malayalam. Addi-
tionally, all speech samples from the IViE corpus were manually

5369

English
POS Tags

UK English l """" .
Eng-Mal : Cross H

\'\%Drd | Linguistic

Alignment : Srresy
2 Consistency |
V
Indian English Speech (T """7" """ 6'\ Question Question |
|||||||l|| rrrrrrr )) >| Marker Marker !
i i Consi: \
Malayalam ([

Prominence Preservation ,‘\nul_vsiv
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reviewed for word prominence markings and POS tagging.

Word Prominence Annotation: Each audio in all three va-
rieties of speech recordings is listened carefully by an annotator
and mark the prominence on each word as 1 or 0; 1 indicates
that prominence exists, and O for no prominence. The anno-
tator is bilingual in Malayalam and English and proficient in
both languages. From these annotations, a subset of annotated
prominence markers are cross-checked by another two bilingual
Malayalam and English speakers and almost all the prominence
markers are consistent.

POS Tagging: POS Tagging assigns grammatical labels,
such as Subject (Subj), WH-Word, Adjective (Adj), Adverb
(Adv), Verb, Noun Phrase (NP), Noun and Noun Phrase (N
& NP), Conjuction (Conj), Verb and Verb Phrase (V & VP),
Verb and Linking Verb (V & LV), Nouns (N1,N2, No), to each
word in the dataset. The same annotator assigns these labels
to the English and Malayalam sentences. This process is es-
sential for understanding the differences in syntactic structure,
grammatical rules, and word prominence relation in the context
of English-Malayalam language pair. For instance, English fol-
lows a Subject-Verb-Object (SVO) word order, whereas Malay-
alam uses a Subject-Object-Verb (SOV) structure.

4.2. Prominence Preservation Analysis

Figure 2 presents the details of this analysis, which is divided
into two parts:

1) Cross-Linguistic Stress Consistency: This sub-analysis
measures the degree to which speakers retain word-level promi-
nence patterns from one language to another. It evaluates
whether prominence is consistently applied to similar word or
structure pairs that have the same meaning across Indian En-
glish, UK English, and Malayalam. This would provide insights
into how prosodic features are transferred or adapted in the con-
sidered speech varieties. For this analysis, alignment between
the words or structures in all 22 English and Malayalam sen-
tences was manually annotated.

2) Question Marker Consistency: This sub-analysis focuses
on interrogative sentences, identifying which specific words
contribute to the questioning intonation in each language. In
this analysis, we have excluded declarative (DEC) sentences. It
examines how prominence is assigned to question markers and
whether their role in conveying interrogative meaning is consis-
tent across English and Malayalam. For this purpose, the words
and word locations responsible for questioning are manually an-
notated.

4.2.1. English-Malayalam Word Alignment

Malayalam, an agglutinative language, attaches multiple gram-
matical markers to root words, while English uses auxiliaries
and prepositions. All the 22 English and Malayalam sentence



pairs are manually annotated to align words or multiple words
using an annotator of bilingual English and Malayalam speaker.
From the manual alignment process, it is found that there are
three types of alignment pairs: 1) one English word with one
Malayalam word, referred to as one-fo-one aligned words, 2)
multiple Malayalam words with one English word, referred to
as many-to-one,and 3) one Malayalam word with multiple En-
glish words, referred to as one-to-many. The distribution of the
three aligned pairs for each sentence type are provided in Ta-
ble 1. The significant total percentage of many-to-one aligned
words indicates Malayalam’s agglutinative morphology. As
an example of this, English phrases such as “is going” and
“has been” become single Malayalam words “pokunnu” and
“kondirikkukayanu”, respectively. Also, the highest percentage
of one-to-one aligned words suggests the significant syntactic
regularity between English and Malayalam for the considered
sentences.

Table 1: Distribution of sentence types - in One-to-One, Many-
to-One and One-to-Many alignments

Sentence type  One-to-One  Many-to-One  One-to-Many
DEC 27 4 -

WHQ 11 - 1

COO 29 2 -

YNO 14 1

DQU 10 1 -

Total (%) 91.0 8.00 1.00

In one-to-one alignments, COO are the most common, re-
flecting consistent mappings for compound or conjoined struc-
tures, followed by DEC, which align with basic sentence struc-
tures. WHQ show stable one-to-one mappings, likely due to
their distinct lexical counterparts in Malayalam, while YNO,
which involve subject-verb inversion in questions, highlight
structural similarities between the languages. DQU, including
tag and rhetorical questions, align without clear structural mark-
ers. In many-to-one alignments, DEC are most frequent, re-
flecting Malayalam’s compact morphology that combines mul-
tiple English words into one, while COO decrease in frequency.
WHQ are not present, as they prefer one-to-one mappings,
while YNO and DQU continue to show complex alignment pat-
terns. Overall, DEC’s dominance in many-to-one alignments
highlights Malayalam’s agglutinative structure and the frequent
occurrence of COO in both alignment types shows the lan-
guage’s flexibility in handling different syntactic structures.

4.2.2. Question Marker

For this analysis, four distinct sentence types—DQU, YNO,
WHQ and COO—were analyzed separately. A manual anno-
tation process was employed to identify the specific words re-
sponsible for marking the interrogative nature of each sentence.
This method focused on capturing questioning elements based
on auditory cues rather than solely on syntactic structures, offer-
ing a more nuanced understanding of how questions are formed
and perceived.

5. Analysis Results and Discussion
5.1. Prominence Usage

The first analysis examines Indian English, UK English and
Malayalam by analyzing the distribution of stressed words
across various POS tags. The stressed words for each POS
tag were systematically counted in the five type sentences and
their proportions were calculated relative to the total number of
stressed words within each sentence type and compared across
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Figure 3: Stress distribution of POS tags across sentence types

the three languages. Figure 3 illustrates the distribution of stress
words across different sentence types and language varieties, in-
dicating key cross-linguistic differences in prosodic emphasis.

1. In WHQs, WH words receive the highest stress in all three
varieties (UK English: 51.46%, Indian English: 61.73%,
Malayalam: 50%), indicating their central role in interrog-
ative prosody.

. YNOs show a divergence, with English varieties stressing
verbs (UK English: 37.29%, Indian English: 47.62%), while
Malayalam stresses subjects more (32.98%).

. DQUs consistently emphasize noun phrases (UK English:
64.34%, Indian English: 63.30%, Malayalam: 53.49%),
marking interrogative intent in the absence of explicit mark-
ers.

. COO stresses the first noun most in all varieties, decreasing
from UK English (31.72%) to Malayalam (41.15%).

. In DEC, English varieties stress verbs (UK English: 39.71%,
Indian English: 49.62%), while Malayalam focuses more on
subjects (39.28%).

These findings highlight distinct prosodic strategies in UK
English, Indian English and Malayalam, with shared patterns
such as WH-word emphasis and noun phrase stress, but signifi-
cant differences in verbal stress, subject emphasis and sentence-
level prosody.

5.2. Prominence Preservation
5.2.1. Cross-Linguistic Stress Consistency

The second analysis involved examining the consistency of
stress patterns between the following language pairs:

Indian English and Malayalam: In this study, cross-
linguistic consistency in stress patterns was evaluated by
analyzing word alignments between English and Malayalam.
For each sentence type ¢, there are N (¢) alignment pairs. Each
alignment pair is checked to determine whether it is matched or
unmatched, in each of the sentences. The number of matched
pairs, denoted as M, is computed based on the alignment
criteria. Consequently, the number of unmatched pairs is
given by: U = N(t) — M. In the case of a 1-1 alignment,
a match was recorded if both the English and Malayalam
words exhibited stress simultaneously. For a 2-1 alignment,
where two Malayalam words corresponded to a single English
word, a match was considered valid if at least one of the two
Malayalam words was stressed along with its aligned English
word. If neither condition was met, the alignment pair was
marked as unmatched. After processing all sentences in a



sentence type, the matching percentage for each sentence type
was computed to quantify cross-linguistic stress consistency,

given by : Match % = 257 x 100.

UK English and Indian English: To account for differ-
ences in the number of speakers between the UK English and
Indian English groups, a cross-speaker analysis was conducted
to evaluate stress pattern similarities. Each UK English speaker
was compared to all 132 Indian English speakers to determine
the percentage of stressed word matches across five sentence
types.

UK English and Malayalam: In this study, the match-
ing percentages were calculated in the same way as for Indian
English and Malayalam, but with each of the 36 UK English
speakers compared against all Malayalam speakers. A match
is recorded when the stressed word of a UK English speaker is
aligned with that of a Malayalam speaker.

60 57.34
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31.63 31.69
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Figure 4: Comparison of Stress Consistency in Sentence Cate-
gories across Different Language Pairs

A detailed visualization of cross-linguistic prominence con-
sistency patterns across language pairs and sentence types is
presented in Figure 4. The key observations are provided be-
low:

1. UK English and Indian English demonstrated the highest
overall consistency, with WHQ showing particularly strong
matching (57.34%), followed by DQU (46.02%) and COO
(43.51%). The relatively high matching percentages between
UK English and Indian English suggest substantial prosodic
transfer from UK speakers to Indian English speakers.

In contrast, both UK English-Malayalam and Indian Enlish-
Malayalam language pairs showed significantly lower match-
ing percentages, with WHQ displaying the highest consis-
tency in both Indian English-Malayalam (9.78%) and UK
English-Malayalam (10.34%) pairs. However, markedly
lower matching percentages between English variants and
Malayalam (rarely exceeding 10%) highlight the fundamen-
tal prosodic differences between these languages.

5.2.2. Question Marker Consistency

The analysis for question marker was conducted to compare
interrogative sentences across UK English, Indian English and
Malayalam, focusing on the four sentence types: WHQ, COO,
DQU and YNO as shown in Figure 5. The green boxes, dashed
boxes and blue ellipses indicate the words responsible for ques-
tioning in Indian English, UK English and Malayalam respec-
tively with the corresponding POS tag marked below each word.

WHQ: WH word usage and noun phrase (NP) structures
were compared across languages. Examples such as “Where
is the manual?” and its Malayalam equivalent “Laghugrantham
evideyaanu?” demonstrated consistent use of WH words and
NPs.

COO: Noun phrase patterns in compound questions were
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analyzed. Differences were noted: UK English employed mul-
tiple noun components, Indian English simplified structures,
while Malayalam compressed expressions, as shown in “Avan
lino allenkil lilo ennaano paranjathu?” where the verb “en-
naano” functioned as the question marker.

DQU: The use of NP structures in English and verb forms
in Malayalam to indicate questions was analyzed. For exam-
ple, “He is on the lilo?” and “Avan liloyil aano?” illustrated
Malayalam’s verb-centric ( “aano”) question marker usage.

YNO: Verb-centric constructions were examined through
sentences like “May I lean on the railings?” and “Njan irum-
bazhiyil chaarinilkkatte?”, highlighting the critical role of
verbs) in forming interrogatives, with Malayalam employing a
verb-driven structure.

Table 2: Distribution of question markers across the four sen-
tence types

Sentence Types | Question Markers (POS)

Type Sentence | UK English Indian English Malayalam

Sl WH word, NP
WH word, NP

‘WH word, NP

WH word, NP
WH word, NP
WH word, NP

‘WH word
‘WH word
WH word

WHQ

Verb, N2, NI&NP1
Verb, N2, N1 & NP1
Verb, N2, N1 & NP1
Verb, N1 & NP1
Verb, N2, N1 & NP1

Verb, N2
Verb, N2, N1 & NP1
Verb, N2
Verb, N2
Verb, N2

Verb
Verb
Verb
Verb
Verb

[ee]0)

NP

NP

NP

Verb

Verb, Adverb
Verb, NP

V&LV
V&LV
V&LV
Verb
Verb
Verb

DQU

Verb, NP
Verb, Adverb
Verb, NP

Table 2 shows the distribution of question markers across
the four sentence types highlighting cross-linguistic variations
in syntactic patterns and the distinct morphological strategies
employed by each language. The results revealed Malayalam’s
agglutinative nature, resulting in verb-dominant question mark-
ers, contrasting with the noun-based structures of English. And,
Indian English exhibited simplified patterns compared to UK
English, reflecting regional linguistic adaptations.

6. Conclusion

Our study examined prosodic prominence in bilingual English-
Malayalam speech, highlighting differences in stress patterns.
Indian English retains prominence similar to UK English,
while Malayalam shows lower prominence retention due to
its syllable-timed rhythm and agglutinative structure. English
relies on prominence for meaning, whereas Malayalam uses
pitch variations and verb modifications, making direct prosody
transfer difficult. Our findings have important implications for
speech translation and dubbing. Preserving expressivity is key
to natural speech synthesis. Future work will expand to other
Indian languages and develop automated prominence modeling
to enhance multilingual speech technology, ensuring more ex-
pressive and natural communication.
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